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FOREWORD

PROJECT GEMINI WAS ESTABLISHED BY THE NATIONAL

AERONAUTICS AND SPACE ADMINISTRATION (NASA) AS ITS

SECOND MAN-IN-SPACE PROGRAM TO CARRY FORWARD THE

MANNED SPACE MISSION STARTED BY PROJECT MERCURY

AND TO PROVIDE THE KNOW-HOW NEEDED TO ENSURE A

SUCCESSFUL MANNED LUNAR LANDING IN PROJECT APOLLO.

IN PROJECT GEMINI, NASA WILL CONDUCT A SERIES OF

SPACE FLIGHTS THAT WILL MEASURE THE PHYSIOLOGICAL

ASPECTS OF EXPOSING MEN TO SPACE ENVIRONMENT FOR

PROLONGED PERIODS, PROVIDE EXPERIENCE IN SPACE-

CRAFT CONTROL, AND PERFECT RENDEZVOUS AND DOCKING

TECHNIQUES WITH OTHER SPACE VEHICLES IN FLIGHT.

THE CODDARD SPACE FLIGHT CENTER (GSFC), LOCATED

AT GREENBELT, MARYLAND, IS RESPONSIBLE FOR PROVIDING

PRIME (REAL TIME) COMPUTING SUPPORT FOR THE GEMINI

SPACE FLIGHTS THROUGH THE GT-3 (GEMINI TITAN-3)

MISSION, AND TO PROVIDE BACKUP SUPPORT FOR THE

MANNED SPACECRAFT CENTER AT HOUSTON, TEXAS FOR

LATER MISSIONS.

THIS VOLUME IS ONE OF A SERIES OF FOUR MANUALS

THAT DESCRIBE THE GSFC REAL TIME COMPUTING SYSTEMS

AS DEVELOPED FQR MISSION SUPPORT THROUGH THE GT-3

MISSION. THE FOUR VOLUMES IN THIS SERIES ARE -

VOLUME I, INTRODUCTION

VOLUME IT, MONITOR AND I/O PROGRAMS

VOLUME Ill, REAL TIME PROCESSORS

VOLUME IV, NON-REAL TIME PROGRAMS



THE PAGE IMPRESSIONSUSED FOR PHOTO-OFFSET PRINTING

OF THE TEXT AND FLOWCHARTS OF THIS SERIES OF MANUALS

WERE PRODUCED BY AN IBM [401 COMPUTER, WHICH WAS

ALSO USED TO CONTROL THE PAGE AND LINE FORMAT. DUE

TO CERTAIN LIMITATIONS IN THIS METHOD OF PRODUCTION,

SOME FLOWCHARTS, TABLES AND ILLUSTRATIONS WERE PRE-

PARED IN WHOLE OR IN PART, USING CONVENTIONAL TYPE-

WRITER/LINE ART METHODS.
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VDL III REAL TIME PROCESSORS PAR[ I - LAUNCH/ABORT

I. GENERAL CONTROL DURING LAUNCH/ABORT

THE LAUNCH PHASE INCLUDES TWO SUBPHASES, NORMAL

LAUNCH AND HOLD. THE NORMAL LAUNCH SUBPHASE EXTENDS FROM

LIFTCFF UNTIL ABOUT 15 SECONDS AFTER SECOND STAGE CUT-

OFF. THE HOLD SUBPHASE EXTENDS FROM THE END OF THE

NORMAL LAUNCH SUBPHASE UNTIL THE FLIGHT DYNAMICS OFFICER

AT THE MISSION CONTROL CENTER (MCC) AT CAPE KENNEDY

PLACES A SWITCH INTO EITHER THE ORBIT OR THE ABORT PO-

SITION.

THE ABORT PHASE, IF USED DURING A MISSION, WILL BE

ONE OF TWO TYPES, LOW ABORT OR HIGH ABORT. IF THE FLIGHT

DYNAMICS OFFICER REQUESTS THAT THE ABORT PHASE BE

ENTERED PRIOR TO ABORT MODE CHANGEOVER {AMC), THE LOW

ABORT PROGRAMS WOULD BE USED. OTHERWISE, THE HIGH ABORT

PROGRAMS WOULD BE USED. DURING LOW ABORT, EITHER (I) IHE

ASTRONAUTS EJECT THEMSELVES FROM THE SPACECRAFT, AND THE

BOOSTER/SPACECRAFT CONFIGURATION REENTERS STILL JOINED

TOGETHER, OR (2) THE RETRO-ROCKETS ARE USED IN A POST-

GRADE SENSE TO SEPARATE THE SPACECRAFT FROM THE BOOSTER.

THEREFORE, DURING LOW ABORT THERE IS NO INPACT POSITION

CONTROL CUE TO FIRING THE RETRO-ROCKETS AT A COMPUTED

TIME. CURING HIGH ABORT, HOWEVER, [HE ORBIT ATTITUDE

MANEUVERING SYSTEM (DAMS) IS USED TO SEPARATE THE SPACE-

CRAFT FROM THE BOOSTER AND IMPACT CONTROL BY FIRING THE

RETROS AT A CALCULATED TIME IF FEASIBLE. THIS IS THE

PRIMARY DISTINCTION BETWEEN LOW AND HIGH ABORT.
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2. PROGRAM SYSTEM OPERATION DURING NURMAL LAUNCH

HIGH-SPEED TRACKING DATA FROM THE BURROUGHS-GENERAL

ELECTRIC (B-GE) GUIDANCE SYSTEM COMPUTER AND THE INPACT

PREDICTOR 3600 (IP 3600) COMPUTER AT CAPE KENNEDY IS RE-

CEIVED AND PROCESSED AT GSFC. HIGH-SPEED DATA FROM THE

BERMUDA RADARS IS ALSO PROCESSED AFTER SECOND-STAGE CUT-

OFF.

RESULTS ARE TRANSMITTED EVERY ONE-HALF SECOND TO MCC

FOR EVALUATION. THE GSFC COMPUTERS PROVIDE MCC WITH

CRITICAL INFORMATION, SUCH AS SPACECRAFT ALTITUDE,

VELOCITY RATIO, FLIGHT PATH ANGLE, AND PREDICTED IMPACT

LATITUDE AND LONGITUDE FOR IMMEDIATE ABORT CONDITIONS.

AT THE USUAL TERMINATION OF THE NORMAL LAUNCH SUB-

PHASE, THE GSFC COMPUTERS GIVE GO NO-GO RECOMMENDATIONS

FOR FLIGHT CONTINUATION BASED ON DATA FROM THE VARIOUS

SOURCES. RECOMMENDED TIME OF RETROFIRE AND OTHER

PERTINENT SPACECRAFT PARAMETERS ARE ALSO SENT TO MCC AT

THIS TIME.

TFE HOLD PHASE IS THEN ENTERED. HOWEVER, IT IS

POSSIBLE UNDER CERTAIN CONDITIONS FOR THE MISSION TO GO

FROM THE NORMAL LAUNCH SUBPHASE DIRECTLY TO THE ABORT

PHASE.

NORMAL LAUNCH PROGRAM ORGANIZATIOIW

PROCESSING INITIATED BY INCOMING INPUT TRAPS

EACH HALF SECOND HIGH-SPEED DATA IS RECEIVED FROM THE

B-GE COMPUTER AT CAPE KENNEDY. EACH FOUR-TENTHS OF A

SECOND HIGH-SPEED DATA IS RECEIVED FROM THE IP 3600 COM-



VOL III REAL T[ME PROCESSORS PART I - LAUNCH/ABORT

PUTER AT THE CAPE.

IT IS -

A)

WHEN DATA FROM EITHER SOURCE ARRIVES

CONVERTED TO A USABLE FORMAT BY AN INPUT PROGRAM

{IOHSGB OR IOHS09).

B) CONVERTED TO THE GEMINI COORDINATE SYSTEM

(COCOOI OR CSC002).

C) USED TO COMPUTE DEVIATIONS FROM NOMINAL VALUES

OF v/v r AND 7 FOR THE STRIP CHARTS CATA

QUALITY MONITOR (CCSTRP).

THE INPUT PROGRAMS ALSO UTILIZE THE INCOMING

TELEMETRY INFORMATION TO SET CERTAIN COMMUNICATIONS CELLS

THAT KEEP COGNIZANT PROGRAMS AWARE OF CERTAIN CONDITIONS

IN THE OUTSIDE WCRLD.

THE SUFFIX TO CCSTRP ALSO SAVES A CERTAIN NUMBER

OF THE MOST RECENT B-GE AND IP 3600 VECTORS RECEIVED FOR

LATER PROCESSING.

AT A CERTAIN TIME AFTER SECOND STAGE CUTOFF THE

HIGH-SPEED DATA LINES FROM BERMUDA ARE ACTIVATED. EACH

TENTH OF A SECOND A TRAP OCCURS ANNOUNCING THE ARRIVAL OF

r,a,e, DATA FROM THE BERMUDA AN/FPS-16 AND VERLORT

RADARS. THIS DATA IS CONVERTED TO A USABLE FORMAT BY THE

BERMUDA INPUT PROGRAM IOHSBD AND STORED IN BUFFER TABLES

TO AWAIT LATER PROCESSING.

PROCESSING INITIATED BY HALF-SECOND TRAPS

A MONITOR PROCESSOR CAUSES A TRAP EACH HALF SECOND

WHICH TRIGGERS VARIOUS PROCESSING WHICH IS DONE ON A

TIMED FREQUENCY.
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A) MAIN NORMAL LAUNCH PROCESSING (CCMAIN) - THIS

PROCESSOR COMPUTES THE BULK OF THE QUANTITIES TO

BE OUTPUTTED TO MCC. IS PREFIX DETERMINES

WHICH DATA SOURCE THE FLIGHT DYNAMICS OFFICER

REQUESTS BE USED AS INPUT IN MAKING THE COMPU-

TATIONS, AND PRESENTS CCMAIN WITH THE

APPROPRIATE INPUT, IF AVAILABLE. VARIOUS OUT-

PUT QUANTITIES ARE COMPUTEU FOR DISPLAY. DATA

WHICH REFLECTS THE ORBITAL CONDITIONS WHICH

WOULD BE OBTAINED IF AN ABORT WERE TO BE

INITIATED IMMEDIATELY ARE CALCULATED FOR

POSSIBLE USE BY THE INPACT PREDICTOR CIMPRK AND

THE LOW ABORT PROCESSORS.

B) IMPACT PREDICTOR (CIMPRK) - THIS PROCESSOR IS

ENTERED ONCE EACH SECOND. IT COMPUTES THE MINI-

MUM AND MAXIMUM DELAY IMPACT POINTS TO BE SENT

TO MCC FOR DISPLAY.

C) BERMUDA DATA PROCESSING (AFTER SSCO ONLY) - EACH

SECOND THE r,a,e's, COMING FROM BERMUDA ARE

EDITED (EOBDIT). THIS EDITED DATA IS USED TO

GENERATE POSITION AND VELOCITY VECTORS USING THE

SHORT ARC PROCESS. THESE SOLUTIONS ARE GEN-

ERATED EACH SECOND AND ARE ANALAGOUS TO THE OUT-

PUT OF COCO01 OR CSCOO2, I.E., THEY ARE t, _, T's

IN GEMINI UNITS.

D) OUTPUT DISPLAY PROGRAM (OOLANA) - THIS PRO-

CESSOR IS ENTERED EACH HALF SECOND TO REFORMAT

ALL OUTPUT FOR HIGH SPEED TRANSMISSION TO MCC.

4
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PROCESSINGCARRIED OUT AT THE TERMINATION OF NORMAL

LAUNCH (IF AMC HAS OCCURRED) -

THE VECTORS RECEIVED FROM THE B-GE AND IP 3600

COMPUTERS DURING A i0 SECOND INTERVAL BEGINNING AT ABOUT

FIVE SECONDS AFTER SECOND STAGE CUTOFF ARE AVERAGED FOR

EACH SOURCE TO OBTAIN AN AVERAGE t, r, v, REPRESENTING THE

COMPUTERS MOST RELIABLE DEFINITION OF THE ORBIT OF THE

BOOSTER. FROM THESE VECTORS THE GO NO-GO RECOMMENDATIONt

RECOMMENDED RETRO FIRING TIMES AND OTHER IMPORTANT

QUANTITIES ARE COMPUTED AND SENT TO MCC FOR EVALUATION BY

THE FLIGHT DYNAMICS OFFICER. AT THIS POINT THE MISSION

ENTERS THE HOLD PHASE.

5
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3. PROGRAM SYSTEM OPERATION DURING HULD SUBPHASE

AT THIS TIME THE FLIGHT DYNAMICS OFFICER AT MCC

QUICKLY BUT CAREFULLY EVALUATES THE VARIOUS PARAMETERS

DISPLAYED AND DECIDES TO EITHER ABORT THE MISSION OR

ALLOW IT TO CONTINUE. IF HE DECIDES TO ABORT, HE MUST

DO SO QUICKLY IF HE HOPES TO HAVE THE SPACECRAFT LAND

IN T_E ATLANTIC OCEAN RATHER THAN IN AFRICA.

THE DISPLAYS PRESENTED TO THE FLIGHT DYNAMICS

OFFICER ARE HELD CONSTANT UNTIL HE HAS HAD TIME TO EVAL-

UATE THEM THOROUGHLY, HENCE, THE TERM 'HOLD PHASE.' HE

HAS THE OPTION TO UPDATE THE DISPLAYS BASED ON DATA

COMING FROM RADARS TRACKING THE SPACECRAFT (OR BY EXTRA-

POLATING FROM THE LAST GOOD DATA RECEIVED) WHEN HE SO

DESIRES. ONCE HE HAS MADE HIS DECISION, HE CAUSES THE

GSFC COMPUTERS TO ENTER EITHER THE ABORT PHASE OR THE

ORBIT PHASE BY PLACING A SWITCH IN THE APPROPRIATE

POSITICN.

PROGRAM ORGANIZATION DURING HOLD PHASE

AT THE TERMINATION OF NORMAL LAUNCH THE BULK OF THE

QUANTITIES BEING DISPLAYED ARE BASED ON THE DATA RECEIVED

FROM THE SOURCE THAT WAS SELECTED DURING THE DAIA-

COLLECTICN PERIOD. THE GO/NO-GO RECOMMENDATION AND THE

RETROFIRE TIMES FROM THE NONSELECTED SOURCE ARE DIS-

PLAYED. AT THIS POINT, THE FLIGHT DYNAMICS OFFICER MAY

CHANGE THE SELECTED SOURCE BACK AND FORTH BETWEEN B-GE

AND IP 3600 IF HE SO DESIRES. OTHERWISE, THE UISPLAYS

REMAIN STATIC DURING THE HOLD PHASE UNTIL THE BERMUDA

SELECTION SWITCH IS THROWN. INTERNALLY, HOWEVER, THE

6
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BERMUDA PROCESSING PROGRAMS DESCRIBED UNDER NORMAL LAUNCH

(SECTION I) ARE CONTINUALLY PRODUCING SOLUTIONS SO THAT A

CURRENT SOLUTICN WILL BE AVAILABLE WHEN NEEDED. ALSO,

INCOMING VECTORS FROM THE IP LINES ARE STILL BEING SAVED

FCR POSSIBLE USE.

DURING THE HOLD PHASE THE COMPUTATIONS ARE FIVE-

SECOND CYCLE. THE LATEST BERMUDA VECTORS AND AVERAGED

IP-SPACECRAFI VECTORS ARE UPDATED TO CURRENT TIME EACH

FIVE SECONDS. IN THE EVENT OF MISSING DATA THE LAST

VECTOR IS AGAIN BROUGHT UP TO CURRENT TIME. IN THIS

UPDATING PROCESS THE SETTING OF THE THRUST SWITCH AT THE

TIME OF THE UPDATING DETERMINES WHEIHER OR NOT THE DAMS

SYSTEM IS CONSIDERED TO BE BURNING DURING THE UPDATING.

IF THE BERMbDA SELECTION SWITCH IS THROWN, THE

LATEST UPDATED BERMUDA VECTOR IS USE_ AS INPUT FUR THE

HOLD PHASE COMPUTATIONS. THEREAFTER, THE LATEST UPDATED

IP VECTOR WILL BE USED AS INPUT TO [HE HOLD PHASE

COMPUTATIONS WHENEVER IP IS SELECTE_. SELECTING B-GE,

HOWEVER, _ILL CAUSE THE ORIGINAL B-GE OUTPUT DISPLAYS TO

BE SHOWN (I.E., THOSE THAT WERE SHOWN AT THE BEGINNING OF

THE HOLD PHASE.)

EACH TIME THE AVERAGE VECTOR PROCESSING IS DONE FOR

DATA FROM A GIVEN SOURCE, THE VELOCITY VECTOR IS MODIFIED

AS NECESSARY TO ACCOUNT FOR NOMINAL SEPARATION. THIS

VECTOR IS UPDATED TO THE NEXT WHOLE MINUTE. THE RESULT-

ANT UPDATED VECTOR IS ALWAYS READY TO BE TURNED OVER IO

EITHER THE HIGH ABORT OR ORBIT PHASE WHEN ONE OF THESE

PHASES IS REQUESTED.
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PRCGRAM SYSTEM OPERAT ....... _l_r ,_,, AO,,nT&UIW UU_ I_U L_M MU_I

IF THE FLIGHT DYNAMICS OFFICER ABORTS THE MISSION

PRIOR TC ABORT MODE CHANGEOVER (AMC) BY THROWING THE

ABORT/ORBIT SWITCH TO THE ABORT POSITION THE LOW ABORT

PHASE IS ENTERED. IN THIS EVENI IHERE WOULD BE NO HOL_

SUBPHASE. THE LAST VECTOR FROM NORMAL LAUNCH (WHICH WAS

MODIFIED BY CCMAIN TO REFLECT THE SPACECRAFT ORBIT)

BECOMES 'THE ABORT PHASE DEFINING VECTOR.'

THE BERMUDA HIGH-SPEED INPUT LINES ARE ACTIVATEDp

AND THE BERMUDA INPUT PROGRAM I_HSBD IS USED TO CONVERT

r,a,e's FROM THE BERMUDA RADARS TO A USUABLE FORMAT AS

TRAPS OCCUR AT .1 SECOND INTERVALS. THESE ARE EDITED BY

EOBDIT AT A ONE-SECOND CYCLE. THE r_a,e,s ARE CONVERTED

TO INERTIAL X,Y,Z'S AND A 51-POINT SMOOTHING PROGRAM IS

ENTERED ON A ONE-SECOND CYCLE TU CALCULATE THE NECESSARY

t, _, _'s.

B-GE DATA, WHICH REPRESENTS THE BOOSTERt IS AN

INVALID SOURCE DURING LOW ABORT, IP DATA WHICH REPRE-

SENTS BOOSTER TRACK IS ALSO INVALID.

IP SPACECRAFT DATA RECEIVED DURING THE PREVIOUS FIVE

SECONDS IS AVERAGED TO DETERMINE RELIABLE IP V_CTORS.

DURING LOW ABORT A SIX-SECOND COMPUTING CYCLE IS

USED. EACH SIX SECONDS THE LATEST VALID VECTOR FROM EACH

SOURCE IS UPDATED (TO CURRENT TIME) USING NO LIFT,

PROGRAMMED LIFT_ AND MAXIMUM LIFT. IF NO VECTOR WAS EVER

RECEIVED FROM A SOURCE THE ABORT PHASE DEFINING VECTOR IS

USED.

THE VECTOR FROM THE SELECTED SOURCE THAT WAS UPDATED

WITH THE CURRENT LIFT SWITCH SETTING IS USED AS INPUT TO

THE LOW ABORT PROCESSING.
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VARIOUS OUTPUTS ARE CALCUATED AND SENT TO THE NCC

ON A HALF-SECONO OUTPUT CYCLE.

ONCE THE LATEST TRAJECTORY |NFORNAT[ON INDICATES

THAT THE SPACECRAFT IS BELON ZOeO00 FEET_ THE OUTPUTS

CEASE ANO THE SYSTEN gA[TS FOR A NANUAL INSERTION

NESSAGE_ TELLING IT TO ENTER THE REENTRY PHASE.

9
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5. PROGRAM SYSTEM OPERATION DURING HIGH ABORT

WHEN THE FLIGHT DYNAMICS OFFICER DIRECTS THAT THE

ABORT PHASE BE ENTERED FROM THE HOLD PHASE, HE SPECIFIES

WHICH DATA SOURCE IS TO BE USED {B-GE, IP 3600, OR

BERMUDA) TO DETERMINE THE TRAJECTORY. NO FURTHER RADAR

IS USED DURING THE ABORT PHASE.

UPON ENTRY TO THE HIGH ABORT PHASE, THE AVERAGE

VECTORS FROM THE SELECTED SOURCE ARE USED TO GENERATE AN

ORBIT TABLE AND THE COMPUTER'S RECOMMENDED TIME TO RETRO-

ROCKETS IS USED TO GENERATE A REENTRY TABLE. THESE

TABLES ARE USED TO PREDICT POSITION INFORMATION FOR THE

RANGE STATIONS. TTY MESSAGES OF PREDICTED POINTING DATA

ARE SENT TO THE RANGE STATIONS TO ENABLE ACQUISITION AND

RADARS AT THE OBSERVING SITES TO ACQUIRE THE SPACECRAFT

SHORTLY AFTER IT APPEARS OVER THE LOCAL HORIZON.

VARIOUS OTHER OUTPUTS ARE ALSO COMPUTED FOR DISPLAY

FROM THESE TABLES. THE BASIC COMPUTING CYCLE DURING THE

ABORT PHASE IS SIX SECONDS. EACH SIX SECONDS THOSE

QUANTITIES WHICH ARE A FUNCTION OF TIME ARE UPDATED

(POSITICN, VELOCITY, FLIGHT PATH ANGLE, ETC}.

THIRTY SECONDS AFTER RECEIPT OF TELEMETRY INFOR-

MATION INDICATING THAT THE FIRST RETRO HAS FIRED, THE

REENTRY TABLE AND ASSOCIATED QUANTITIES ARE RECOMPUTED TO

REFLECT THE TELEMETRY INDICATED CONDITIONS OF RETROFIRE.

NOMINAL ATTITUDES DURING THE FIRING ARE ASSUMED. THIS

CALCULATION IS REPEATED IF CHANGES OCCUR IN TELEMETRY

INFORMATION CONCERNING RETROFIRING TIME. EACH TIME A

REENTRY TABLE IS GENERATED, NEW ACQUISITION INFORMATION

IS COMPUTED AND SENT TO THE RANGE STATIONS.

ONCE THE FLIGHT DYNAMICS OFFICER IS SATISFIED IHAT

lO



VOL Ill REAL TIME PROCESSORS PART I - LAUNCH/A_ORT

HE KNOWS THE RETROFIRE CONDITIONS AS WELL AS POSSIBLE, HE

CAUSES THE GSFC COMPUTERS TO ENTER THE ENTRY PHASE BY DI-

RECTING THAT AN APPROPRIATE MANUAL INSERTION BE MADE.

UPON RECEIPT OF THIS MESSAGE, THE HIGH ABORT PROGRAM

CALCULATES THE VECTORS AT THE BEGI_kING OF RETROFIRE

WHICH ARE TURNED OVER TO THE REENIRY PHASE.

11
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6. MPCCGB - MONITOR PREFIX TO COCO0i

MPCCGB SETS UP THE INPUT FOR THE CURRENT ENTRY TO

THE BIGE COORDINATE CONVERSION PROCESSORt COCO01. (SEE

FLOWCHART)

INPUT

A) COmmUNICATION CELL -

MCLFTM GMT OF LIFT OFF IN FLOATING

POINT SECONDS.

TABLES -

TMHITM

TMHIDB

B)

A 2-LOCATION TABLE CON-

TAINING IHE TELEMETRY TRANS-

MISSION TIME IN THE FIRST

WORD AND THE DISCRETE WORD

INDICATORS IN THE SECOND

WORD.

A 7-LOCATION TABLE CON-

TAINING TIME IN GMT OR

ELAPSED SECONDS AND _ AND

IN FLOATING POINT B/GE

UNITS.

OUTPUT

A)

B)

COPMUNICATION CELL -

DISCRETE INDICATORSMCDESC

TABLE -

TMRVIG A 7-LOCATION TABLE CONTAIN-

ING THE TIME IN GMT SECONDS

AND _ AND T IN FLOATING

POINT BIGE UNITS,

12
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METHOD

MPCCGB TURNS ON THE A INDICATOR AND TURNS OFF THE B

INDICATOR FOR THE BIGE COORDINATE CONVERSION PROCESSOR.

IT THEN SUPPRESSES ENTRANCE TO THE B/GE INPUT PROCESSOR,

IOHSGB.

THE DISCRETE INDICATORS ARE MOVED INTO A COMMUNI-

CATION CELL, MCDESC.

THE VECTOR, SOURCE ID AND DATA QUALITY INDICATOR ARE

THEN MCVED FROM THE OUTPUT BUFFER FROM IOHSGB TO THE IN-

PUT BUFFER FOR COCOOI.

"SENSE SWITCH 6 IS INTERROGATED TO DETEMINE WHETHER

THE TIME OF LIFT OFF SHOULD BE ADDED TO THE VECTOR TIME.

IOHSGB IS UNSUPPRESSED AND CONTROL IS TRANSFERRED TO

COCOO1.

USAGE

MPCCGB IS ENTERED FROM MOPRIU WHEN PRIORITY CON-

DITIONS PERMIT. IT TRANSFERS CONTROL TO THE B/GE COOR-

DINATE CONVERSION PROCESSOR, COCO01

A) PARAMETER -

A

B

C

MNCCGB

MNHSGB

B) MACROS -

TRNON

TRNOF

C} STORAGE REQUIRED -

24 LOCATIONS

D) TIMING (7094} -

.106 MILLISECONDS

13
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,ee*l,,m.,,w*te

: ENter :
• MBCCGB *

eelelme,m_o_e.i

talaoe,.,m°_eH-•

TRNON AI
• MNCCGB tRNOF •

• B, MNCCGB

H,I•teH•ee,Ie

iiHl*•a,,t_ottm_°*el

TRNON CI
MNHSGB

Hlttlo,H••,la

:Bore OISCrete:
• INOICATORS •

.e.Q,,a,tw•He•

_•tt_••,oteell_

i "o'E0ATAiINT0 INPUT
BUFFER FOR

• COCOOI •

HatH.,.e,Hi•

• "NO

• SSw b OOWN • ........

_es

; EXIT •
• COCOOI •

•t•O°.HtHH•O
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7. CCCOOI - LAUNCH COORDINATE CONVERSION OF B-GE DATA

TMIS PROGRAM ROTATES THE COORDINATES OF THE INPUT

VECTORS FROM THE B-GE COORDINATE SYSTEM TO THE GEMINI

CCORDINATE SYSTEM, THE RESULTING VECTORS ARE THEN CON-

VERTED TO GEMINI LENGTH AND VELOCITY UNITS. (SEE FLOW-

CHART)

INPUT

A)

B)

CONSTANTS -

K.OMES

KLAMDO

KLONGE

KRIOGE

KVTOGE

TABLES -

TMRVlG

TMRVIG

÷I - +3

ROTATION OF EARTH IN FLOATING POINT

RADIANS/SECONDS, _e

INERTIAL LONGITUDE OF GREENWICH AT

MIDNIGHT PRECEDING LAUNCH IN

FLOATING POINT RADIANS, _0

LONGITUDE OF B-GE RADAR IN FLOATING

POINT RADIANS,
P

CONVERSION OF B-GE LENGTH UNITS TO

GEMINI LENGTH UNITS, __KRG

CONVERSION OF B-GE VELOCITY UNITS TO

GEMINI VELOCITY UNITS, K
VG

A NINE-LOCATION TABLE CONTAINING IN

THE FIRST SEVEN LOCATIONS THE INPUT

VECTORS AND THEIR ASSOCIATED TIME

t. -TIME OF VECTOR (FLOATING
I

POINT GMT SECONDS)

RIG -POSITION VECTOR (FLOATING

POINT B-GE LENGTH UNITS)

15
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C)

+4 +6 V1G -VELOCITY VECTOR (FLOATI

POINT B-GE VELOCITY UNITS)

LIBRARY SUBROUTINE UISICO IS ALSO USED.

OUTPUT

A) TABLES -

TMRV3G

TMRV3G

+1 - +3

+4- +6

AN II-LOCATION TABLE CONTAINING IN

THE FIRST SEVEN LOCATIONS THE CON-

VERTED VECTORS AND THEIR ASSOCIATED

TIME.

t.
I

- [SAME AS IN TMRVIG!

R3 -POSITION VECTOR (FLOATING

POINT GEMINI LENGTH UNITS)

V3 -VELOCITY VECTOR (FLOATING

POINT GEMINI VELOCITY UNITS)

METHOD

PROGRAM COCO01 USES THE FOLLOWING FORMULAS IN ITS

COMPUTATIONS (SEE FLOWCHART COCO01)

= _0 + _p + ti We

X3G = X1GC°S _ - Y1G sin (_ /

Y3G = X iGsin (_ + Y1G cos o_

Z3G = Z1G

" t
X3G = X.1G cos (_ - YIG. sin

Y3G = X. iGsin (_ + Y1G cos (_

Z3G = Z 1G

_3 = KVG _3G )

_3G

m

V3G

16
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USAGE

PROGRAM COCO01 OBTAINS CONTROL FROM ITS PREFIX,

MPCCGB, AFTER IT HAS BEEN DETERMINED THAT THE DATA IS OF

GOOD QUALITY. IT THEN TRANSFERS CONTROL TO ITS SUFFIX,

MFCCGB.

A) STORAGE REQUIRED - 47 LOCATIONS

B) TIME REQUIRED (7094) - 1.040 MILLISECONDS

INCLUDING TIME REQUIRED BY SUBROUTINE UISICO.

17
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_o ROTATION OF P_-GE COORDINATE SYSTEM TO GEMI ''v,,LrnD_nv-_v._.

NATE SYSTEM.

THE GEMINI COORDINATE SYSTEM IS DEFINED AS FOLLOWS -

THE Z-AXIS ALWAYS POINTS TOWARD THE NORTH POLE, THE

X-AXIS ALWAYS POINTS TOWARD THE VERNAL EQUINUX AND THE

Y-AXIS IS SO CHOSEN THAT (X,Y,Z) FORMS A RIGHT-HANDED

SET.

North Pole

I Z/_ Center

__Earth

X Vernal Equinox

!

North Pole

THE B-GE COORDINATE SYSTEM IS REDEFINED EVERY C3M-

PUTIN3 CYCLE. THE Z(AXIS ALWAYS POINTS TOWARD THE _ORTH

PDLE. AT MIDNIGHT PRECEDING LAUNCH, THE Xo-AXIS IS SO

DEFINED THAT IT LIES IN TiE ECUATCRIAL PLANE AND PASSES

THROUGH THE MERIDIAN OF T_E B-GE RADAR (THUS HAS INERTIAL

LZ)NGITUDE _@ +_, THE yO-AXIS IS SO CHOSEN THAT (X0,YotZ ')P

FORMS A RIGHT-HANDED SET. THEREAFTER, THE (X',Y') PLANE

IS ROTATED ABOUT THE Zo-AXIS SC THAT THE X'-AXIS PASSES

THROU3H A POINT WHOSE INERTIA, LZNGITUDE IS GIVEN BY

[8
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_d)+)_+C_e t.1 WHERE IS THE TOTAL AMOUNT OF TIME WHICH HAS

ELAPSED SINCE MIDNIGHT PRECEDING LA'JNCH.

THE ANGLE THROUGH WHICH THE B-GE C00RCINATE SYSTEM

MUST BE ROTATED TO OBTAIN THE GEMINI COORDINATE SYSTEM IS

51VEN BY -

(THE SI3N OF a IS NEGATIVE BECAUSE THE ROTATION (CLOCK-

WISE) IS IN A DIRECTION OPPOSITE TO THAT IN WHICH THE

AN3LE IS MEASURED {CI)UNTERCLOCKWISE).

Vernal Equinox XR//

Greenwich at midnight
preceding launch

B-GE radar at midnight
preceding launch

North Pole

I

Vl

90 ° east longitude

__ at midnightpreceding launch

Y

X!

B-GE radar at tlme, t.
I

lg
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************w**

: ENTER :
COCO01

**eeeoe•*isl***

•*meie•eeeemel*

• tl •

• INTO OUTPUT :

• TABLE *

_*HmQitaai*H*

COMPUTE ANC •

AVE SIN •
AL_HA UISICO•

.•***H**.*m••*

i CORPUTE AN£ •
AVE COS •

AL_HA ULSICO•

:clef•Hi*re•••

• 2°S CONPL. •
• TNRVIG INTO •

XRI

i 2'S CONPL. •TRIRV3G INTO•
RRA 2 INTO •

XR2

• • COMDL

• " " .NO :":_:_';_;_': ...
.**. . • * XR2 XRI-3 • * •

ICBIX HAS VELOCITY * ............. X• INTO XR| •o..X fit•

• • • BEEN C3NPLTEO • XR4_INTO • *

_ES

CONOL

.. :_'_._'_':
:B_:..X:×3G oXIG COSo:
*..* :-YIG SIN a :

*Y3G :XIG SIN_ • *.*

• +yi_cos 1..._ c.:
• Z3G = ZIG • *••

• _CONVERT R3G *
• V3G TO GENIN|•

: UNITS R3KR_ i_3GI "_
**t•*****•*****

**••.•H***•**_

• (V_GI STORE *
• IN 0UTPkT •
• TABLE •

• EXIT :

• NFCCGB

2O
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9. MFCCGB - MONITOR SUFFIX TO COCO0!

MFCCGB PROCESSES THE OUTPUT FROM THE B/GE COORDINATE

CONVERSICN PROCESSOR, COCO01. (SEE FLOWCHART. I

INPUT

{NCT APPLICABLE)

OUTPUT

LOCATION OF COCO01 OUTPUT TABLE PLACED IN QUEUE

BLOCK FOR CCSTRP.

METHOD

MFCCGB QUEUES THE STRIPCHART PROCESSOR, CCSTRP, WITH

THE OUTPUT VECTOR FROM COCOO1.

THE A INDICATOR IS THEN TURNED OFF AND CONTROL IS

TRANSFERRED TO MOPRIO.

USAGE

MFCCGB IS ENTERED FROM COCOOI AND EXITS TO MOPRIO.

A) PARAMETERS -

A

MNSTRP

MNCCGB

B) MACROS -

QENBZ

QENBA

QUEUE

TRNOF

C) STORAGE REQUIRED -

8 LOCATIONS

Z!
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D} TIMING (7094) -

.094 MILLISECONDS

22
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.°°..,.°.°.._mm

° ENTER

• MFCCGB *

• • t

CENBZ *

°,,,*..,.*tm,.-_ t

_ OOEOERNSTR__• WITH OUTPUT .
VECTOR FROM

• COCO01 •

_ENBA

-°•,°°°°-°--,**

• Z TRNDF
A,MNCCGB •|

: EXIT :
i MOPRIO

HHH,eOOt_t**
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I0. MPCCIP - MONITOR PREFIX TO CSCOO2

MPCCIP SETS UP THE INPUT FOR THE CURRENT ENTRY TO

THE IP C_ORDINATE CONVERSION PROCESSORt CSCO02. (SEE

FLOWCHART.)

INPUT

A)

B)

COMMUNICATION CELL -

MCLFTM GMT OF LIFT OFF IN FLOATING

POINT SECONDS.

TABLE -

TMHZDB A ?-LOCATION TABLE CON-

TAINING TIME IN GMT OR

ELAPSED SECONDp AND r AND v

IN FLOATING POINT IP UNITS.

OUTPUT

A) TABLES -

TMRVII A ?-LOCATION TABLE CON-

TAINING THE TIME IN GMT

SECONDS AND _ AND _ IN

FLOATING POINT IP UNITS.

METHOD

MPCCIP TURN'S ON THE A INDICATOR AND TURNS OFF THE B

INDICATOR FOR THE IP COORDINATE CONVERSION PROCESSOR. IT

THEN SUPPRESSES THE IP INPUT PROCESSOR, IOHSO9.

THE VECTORt SOURCE IDt AND DATA QUALITY INDICATOR

ARE THEN MOVED FROM THE OUTPUT BUFFER FROM IOHS09 TO THE

INPUT BUFFER FOR CSCO02.

SENSE SWITCH 6 IS INTERROGATED TO DETERMINE WHETHER

2_
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THE TIME OF LIFT OFF SHOULD BE ADDED TO THE VECTOR TIME.

IOHS09 IS UNSUPPRESSED AND CONTROL IS TRANSFERRED TO

CSCOO2.

USAGE

MPCCIP IS ENTERED FROM MOPRIO WHEN PRIORITY CONDITIONS

PERMIT. IT TRANSFERS CONTROL TO THE IP COORDINATE CON-

VERSION PROCESSOR_ CSCO02.

A) PARAMETERS -

A

B

C

MNCCIP

MNHS09

B) MACROS -

TRNON

TRNOF

C) STORAGE REQUIRED -

22 LOCATIONS

D) TIMING (7094) -

•099 MILLISECONDS,

25
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: ENTER •

• MPCCIR •

•o.•.J..••,°,..

** IRNON Ap •*

• MNCCIP TRNOE •
• B, MNCCIR •

,*.*..*.H,H**

I****•U*••.U..O.•

i ERNON C, lm

• MNHS09 •

**.**.•*..•*.o.

: MOVE DATAINIO INPUT :

* BUFFER FOR •

• CSCOO2 *

• •NO

• • SSW 600WN • * ........

_ES

iAUO*i....!LIFFOFF TO

VECInR TIME

i

x
OHI••a•Q°,H•.

TRNOF

C_MNHS09 •

•HOHi•tIH*H•*

••••••••*••••°*

: ExIT :
• CSCOC2
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If. CSCO02 - LAUNCH COORDINATE CONVERSION OF IP-?094

DATA.

THIS PROGRAM ROTATES THE COORDINATES OF THE INPUT

VECTORS FROM THE IP-7094 COORDINATE SYSTEM TO THE GEMINI

COORDINATE SYSTEM. THE RESULTING VECTORS ARE THEN CON-

VERTED TO GEMINI LENGTH AND VELOCITY UNITS. (SEE FLOW-

CHART.)

INPUT

A)

B)

CONSTANTS -

K.OMES

KLAMDO

KRITOG

KVITOG

TABLES -

TMRVll

TMRVII

ROTATION OF EARTH IN FLOATING POINT

RADIANS/SECOND, _e

LONGITUDE OF GREENWICH AT MIDNIGHT

PRECEDING LAUNCH IN FLOATING POINT

RADIANS, k0

CONVERSION OF IP-7094 LENGTH TO

GEMINI LENGTH UNITS, KRI

CONVERSION OF IP-7094 VELOCITY UNITS

TO GEMINI VELOCITY UNITS, KVI

+I - +3

+6 - +6

A 9-LOCATION TABLE CONTAINING IN THE

FIRST SEVEN LOCATIONS THE INPUT VEC-

TORS AND THEIR ASSOCIATED TIME

t - TIME OF VECTOR (FLOATING
i

POINT GMT SECONDS)

RII - POSITION VECTOR (FLOAT-
ING POINT IP-7094 LENGTH

UNITS)

VII VELOCITY VECTOR |FLOAT-
ING POINT IP-7_94 VELO-

27
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c)

CITY UNITS)

THE LIBRARY SUBROUTINE UISICO IS ALSO USED.

OUTPUT

A) TABLES -

TMRV31

TMRV3I

AN II-LOCATION TABLE CONTAINING IN

THE FIRST SEVEN CELLS THE CONVERTED

VECTORS AND THEIR ASSOCIATED TIME

- (SAME AS IN TMRVII)

÷I - +3 R3 - POSITION VECTOR (FLOAT-

ING POINT GEMINI LENGTH

UNITS)

+4 - +6 _3 - VELOCITY VECTOR (FLOAT-

ING POINT GEMINI VELO-

CITY UNITS

METHOD

CSCOO2 USES THE FOLLOWING FORMULAS IN ITS COMPUTA-

TIONS (SEE FLOWCHART) -

X3I =

Y3I =

Z3I =

X31 =

Y31 =

=

tf 3 =

%_-

_0 + C_eti •

XII cos @ -Yll sin

R3I
XII sin @ +YiI cos _b

Zll

Xll cos @ -TZII sin @ _

Xll sin _b+YII cos @ I V3IZ 11

KRI (I_3i)

N

KVI (V3i)
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USAGE

CSCOOI RECEIVES CONTROL FROM ITS PREFIX, MPCCIP.

THEN GIVES CONTROL TO ITS SUFFIX, MFCCIP.

A) STORAGE REQUIRED -

46 LOCATIONS

B) TIMING (7094) -

1.016 MILLISECONDS, INCLUDING TIME REQUIRED BY

SUBROUTINE UISICO

IT
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OOOO..HHHHJ
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• SAV_ SIN •

o,.,o•.o°,.o.o•

l'lll'°'lll°•'•+
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:.............:
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• l • C()MP.. ST()R}:
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• .... °o.,.°.o ....

-+ Y:tt Xll sinO

: + YII e<)s_

I+ Z31 ZII
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,,._VEL,,_Z,........ : x_,. _i :...1.7:

i Btl N LNMPHI[b • ......... • Xm4-} INlt) • • •

xm_ • °••
• • •.,..•ll.o,.lo.

• • _[S °H•o
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12. ROTATION OF IP+7094 COORDINATE SYSTEM TO GEMINI

COORDINATE SYSTEM

THE GEMINI COORDINATE SYSTEM IS DEFINED AS FOLLOWS -

THE Z-AXIS ALWAYS POINTS TO THE NORTH POLE, THE X-AXIS

POINTS TOWARD THE VERNAL EQUINOX AND THE Y-AXIS IS SO

CHOSEN THAT (X,Y,Z) FORMS A RIGHT-HANDED SET.

North Pole

Z

Center

Vernal Equinox

of Earth

Y
v

ThE IP-7094 COORDINATE SYSTEM IS REDEFINED EVERY

COMPUTING CYCLE. THE Z'-AXIS ALWAYS POINTS TOWARD DiE

NORTH POLE. AT MIDNIGHT PRECEDING LAUNCH, THE X'-AXIS IS

DEFINED SO THAT IT LIES IN THE EQUAIORIAL PLANE AND

PASSES THROUGH THE GREENWICH MERIDIAN (THUS HAS INERTIAL

LONGITUDE_o). THE Y'-AXIS IS CHOSEN SO THAT (X',Y',Z')

FORMS A RIGHT-HANDED SET. THEREAFTER, THE (X',Y') PLANE

IS ROTATED ABOUT THE Z'-AXIS SO THAT THE X'-AXIS PASSES

THROUGH A POINT HAVING INERTIAL LONGITUDE _0 + Wet I WHERE tI

IS THE TOTAL AMOUNT OF TIME WHICH HAS ELAPSED SINCE MID-

NIGHT PRECEDING LAUNCH.
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North Pole

x,J
Greenwich meridian at

midnight preceding launch

y!

v

THE ANGLE THROUGH WHICH THE IP-7094 COORDINATE SYS-

TEM MUST BE ROTATED TO OBTAIN THE GEMINI COORDINATE SYS-

TEM IS GIVEN BY -

-_=XO + We = XO +0

(THE SIGN OF @ IS NEGATIVE BECAUSE THE ROTATION (CLOCK-

WISE} IS IN A DIRECTION OPPOSITE TO THAT IN WHICH THE

ANGLE IS MEASURED (COUNTERCLOCKWISEI.
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North Pole

Z=Z'
y,

_hst longitude at

t p _ leaCede_g

Vernal

Equinox P_

Greenwich at J '
midnight
preceding launch

Greenwich at time, t.
1
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13. MFCCIP - MONITOR SUFFIX TO CSCO02

MFCCIP PROCESSES THE OUTPUT FROM THE IP COORDINATE

CONVERSION PROCESSOR, CSCO02. (SEE FLOWCHART).

INPUT

(NOT APPLICABLE)

OUTPUT

LOCATION OF CSCO02 OUTPUT TABLE PLACED IN QUEUE

BLOCK FOR CCSTRP.

METHOD

MFCCIP QUEUES THE STRIPCHART PROCESSOR, CCSTRP, WITH

THE OUTPUT VECTOR FROM CSCO02.

THE A INDICATOR IS THEN TURNED OFF AND CONTROL IS

TRANSFERRED TO MOPRIO.

USAGE

MFCCIP IS ENTERED FROM CSCO02 AND EXITS TO MOPRIO.

A) PARAMETERS -

A

MNSTRP

MNCCIP

B) MACROS -

QENBZ

QENBA

QUEUE

TRNOF

C) STORAGE REQUIRED -

8 LOCATIONS
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D) TIMING (7094) -

.094 MILLISECONDS
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14. MPEOBD - MONITOR PREFIX TO EOBDIT

THIS PROGRAM DETERMINES WHEN AND UNDER WHAT CON-

DITIONS THE BERMUDA RADAR DATA EDIT PROGRAM, EOBDIT, IS

TO BE ENTERED AND WHICH OF THE TWO PROCESSORS (THE SHORT

ARC PROGRAM, CASARCt OR THE GENERAL LEAST SQUARES SMOOTH-

ING PROGRAM, CSOGLS) IS TO BE USED TO PROCESS THE EDITED

RAOAR DATA OF RANGE, AZIMUTH, AND ELEVATION (r, a, e).

(SEE FLOWCHART)

INPUT

A) TABLES -

TC.ONT

TMHEDF

(TMHEDV)

TM8.3M

B) CONSTANTS -

K O000l

K 00009

K8°3M3

KO05.0

A ONE-LOCATION TABLE CONTAINING THE

NOMINAL TIME OVER WHICH THRUSTING

FOR OAMS BURN FOR SEPARATION OF THE

SPACECRAFT IS TO TAKE PLACE IN

FLOATING POINT SECONDS_ N t

A 32-LOCATION TABLE CONTAINING THE

PARAMETERS OF INPUT, EDIT_ SMOOTH-

ING, AND SHORT ARC FOR THE FPC-16

IVERLORT) RADAR DATA

A ONE-LOCATION TABLE CONTAINING THE

8.3 MILLISECOND COUNT SINCE THE LAST

HALF-SECOND IN FIXED POINT,B35

DEC 1

DEC 9

DEC 8.3E-3

DEC 5.0

FIXED POINT ONE

FIXED POINT NINE

CONVERSION OF 8.3

MILLISECOND COUNT

TO SECONDS

FLOATING POINT

3?
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C)

KOIO.O DEC I0.0

K020.O DEC 20.0

KCN233 OCT 233000000000

KCH234 OCT 234000000000

COMMUNICATION CELLS -

MCACBD

FIVE

FLOATING POINT

TEN

FLOATING POINT

TWENTY

CHARACTERISTIC

OF 233 OCTAL

CHARACTERISTIC

OF 234 OCTAL

NON-ZERO IF BERMUDA HIGH-SPEED

LINES ACTIVATED FOR LOW ABORT PHASE,

OTHERWISE, ZERO

MCFRST ZERO ON A FIRST OR RESTART ENTRY TO

EDIT, NON-ZERO OTHERWISE, eedit

MCHFSC CONTAINS CURRENT GMT IN FIXED POINT

HALF-SECONDS, B35

MCINFF NCN-ZERO IF FPS-[6 IVERLORT) RADAR DATA

{MCINFV)BEING EDITED FOR A NEW FIT, ZERO OTHER-

WISE, i_f (OR in_ )

MCPROP ZERO IS NO THRUSTING GOING ON, ONE IF

THRUSTING TAKING PLACE, P

MCTAST NON-ZERO IF AT LEAST ONE DATA TABLE

ESTABLISHED {I.E., CONTAINS AT LEAST

FOUR RADAR OBSERVATIONS). ZERO OTHER-

WISE, isate

MCTBAR CONTAINS THE COMPUTER'S BEST ESTIMATE OF

THE TIME OF SECOND STAGE CUTOFF PLUS

APPROXIMATELY 5 SECONDS IN GMT FLOATING

POINT SECONDS, _ar
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OUTPUT

A}

B}

TABLES -

TCTSAS A ONE-LOCATION TABLE CONTAINING THE

INITIALIZATION TIME FOR THE SHORT ARC

PROGRAM IN FIXED POINT TENTHS OF

SECONDS, B25t t i

COt_MUNICATION CELLS -

MCERAD CONTAINS INDICATION OF RADAR DATA BEING

EDITED- ZERO IF FPS-16 DATA BEING

EOITED, NON-ZERO IF VERLORT DATA BEING

EDITED, P
e

MCESTL CONTAINS ADDRESSES OF EDIT PARAMETER AND

CRITERIA TABLES FOR RADAR TO BE EDITED.

SIGN IS NEGATIVE IF RADAR DATA MUST BE

EDITED FOR A NEW FIT, OTHERWISEt SIGN

IS POSITIVE

MCPROG CONTAINS THE CONTENTS OF MCPROP ON THIS

ENTRY, G

MCSAET ZERO IF FIRST OR RESTART ENTRY TO CASARC

MUST BE MADE, NON-ZERO OTHERWISE, e
sa

MCSAIP NON-ZERO IF SHORT ARC PROGRAM IS TO BE

USED, ZERO OTHERWISE, i
saip

MCTIME CONTAINS CURRENT GMT IN FLOATING POINT

TENTHS OF SECONDSt t
e

METHOD

AS SOON AS CONTROL IS GIVEN TO MPEOBD_ THE A BIT IS

TURNED ON AND THE B BIT IS TURNED OFF TO SHOW THAT EDIT

IS NOW IN PROGRESS AND IS HANDLING THE LATEST RADAR DATA.

INDICATIONS OF SPACECRAFT SEPARATION, SECOND STAGE CUT-

OFF, AND SPACECRAFT PROPULSION ARE SAVED IN INTERNAL

STORAGE. BECAUSE THE BERMUDA HIGH-SPEED LINES REMAIN
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DEACTIVATED UNTIL __ar HAS BEEN ESTABLISHED, MPEOBD WILL

TRANSFER CONTROL TO ITS SUFFIX, MFEOBD, IF IT FINDS THIS

TIME ZERO.

ONCE _ar HAS BEEN SET, MPEOBD CONVERTS IT TO

FLOATING POINT TENTHS OF SECONDS AND SAVES IT IN INTERNAL

STORAGE. CURRENT TIME IS THEN COMPUTED IN FLOATING POINT

TENTHS OF SECONDS AND IS COMPARED TO THE SAVED TIME OF

_ar" IF CURRENT TIME IS LESS, THE EDIT PROGRAM WILL NOT

BE ENTERED AND CONTROL WILL BE GIVEN TO THE SUFFIX,

MFEOBD.

WHEN _URRENT TIME INDICATES THAT THE EDIT PROGRAM

MAY ENTERED, MPEOBD DETERMINES WHETHER THE MISSION HAS

ENTERED THE HOLD PHASE OR THE LOW ABORT PHASE.

A) ON THE FIRST ENTRY TO EDIT IN THE LOW ABORT

PHASE, MPEOBD INDICATES THAT THE GENERAL LEAST

SQUARES SMOOTHING PROGRAM, CSOGLS, IS TO BE USED

TO PROCESS THE EDITED RADAR DATA BEFORE TRANS-

FERRING CONTROL TO C). ON SUBSEQUENT ENTRIES TO

EDIT IN THE LOW ABORT PHASE, CONTROL IS GIVEN

DIRECTLY TO C).

B) ON THE FIRST ENTRY TO EDIT IN THE HOLD PHASE,

MPEOBD INDICATES THAT THE SHORT ARC PROGRAM,

CASARC, IS TO BE USED IN PROCESSING THE EDITED

RADAR DATA AND SETS THE INITIALIZATION TIME FOR

THAT PROGRAM TO THE SAVED TIME OF _ar" MPEOBD

THEN CONTINUES AS IN C).

ON SUBSEQUENT ENTRIES TO EDIT IN THE HOLD

PHASE, MPEOBD PASSES CONTROL TO el, IF EITHER

THE NOMINAL THRUSTING TIME FOR OAMS BURN FOR

SPACECRAFT SEPARATION HAS NOT PASSED OR THIS

TIME HAS ELAPSED, BUT THE PROPULSION INDICATOR

HAS NOT CHANGED SINCE THE PREVIOUS ENTRY. WHEN
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A CHANGE IS DETECTED IN THE PROPULSION INDI-

CATOR AFTER THE NOMINAL THRUSTING TIME HAS

ELAPSED, MPEOBD REINITIALIZES CASARC BY SETTING

THE INITIALIZATION TIME TO CURRENT TIME.

CONTROL THEN PASSES TO C).

C) FPS-16 RADAR DATA IS FIRST EDITED BY EOBDIT IF

AT LEAST FOUR RADAR OBSERVATIONS OF RANGEr

AZIMUTHt AND ELEVATION HAVE BEEN PLACED IN THE

DATA TABLE. IF FOUR OBSERVATIONS DO NOT EXIST

IN THE TABLE, CONTROL IS GIVEN TO MFEOBD.

WHILE DATA IS BEING EDITED, THE DATA TABLE MOVE IS

SUPPRESSED TO PREVENT DESTRUCTION OF DATA BEFORE IT CAN

BE FURTHER PROCESSED. IF THE EDITED DATA IS TO BE PRO-

CESSED BY CSOGLS, MPEOBD DETERMINES WHETHER THE DATA IS

BEING EDITED FOR A NEW FIT AND SETS THE SIGN OF MCESTL

ACCORDINGLY. EDBDIT IS THEN ENTERED

USAGE

MPEOBD RECEIVES CONTROL FROM MOPRIO ONCE PER

SECOND - IT TRANSFERS CONTROL EITHER TO EOBDIT OR TO

MFEOBD •

I.

2.

STORAGE REQUIRED - 109 LOCATIONS

TIMING (?094) - .04B MILLISECONDS, MINIMUM

.))0 MILLISECONDS, MAXIMUM
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LOCATION DESCRIPIIUN

TMHEDH LRTBE

+l FER

+2 LER

+3 FEA

+4 LEA

+5 FEE

+6 LEE

+7 LR

+8 LAR

+9

*10

+11

+12

+13

+14

+15

+16

+l?

+18

+19

+20

iSTMH

LOCATION IN DATA TABLE OF LAST

RANGE TO BE EDITED

LOCATION IN DATA TABLE OF FIRST

EDITED RANGE

LOCATION IN DATA TABLE OF LAST

EDITED RANGE

LOCATION IN DATA TABLE OF FIRST

EDITED AZIMUTH

LOCATION IN DATA TABLE OF LAST

EDITED AZIMUTH

LOCATION IN DATA TABLE OF FIRST

EDITED ELEVATION

LOCATION IN DATA TABLE OF LAST

EDITED ELEVATION

LOCATION IN DATA TABLE OF RANGE

OF LAST COMPLETELY EDITED POINT

LOCATION IN DATA TABLE OF RANGE

OF LAST POINT USED BY CASARC

MOVE SUPPRESSION INDICATOR

LOCATION OF RADAR DATA TABLE

GRANULARITY REFERENCE

MOVE INSTRUCTION

LOCATION IN DATA TABLE OF FIRST

RANGE

MOVE INSTRUCTION

MOVE INSTRUCTION

RADAR IDENTIFIER

TABLE ESTABLISHED INDICATOR

MOVE PARAMETER

MOVE PARAMETER

REINITIALIZATION PARAMETER

42



VOL TTI REAL TIME PROCESSORS PART I - LAUNCH/ABORT

LOCATION

+21

+22

+23

+24

+25

+26

+27 FR

+28 FRTC

DESCRIPTION

L(L(Xo))

+29 L(FCR)

+30 LRTC

+31 L(LCR)

REINITIALILATION PARAMETER

TIME OF LAST OBSERVATION

RECEIVED

FORCED MOVE SIZE

LAST LOCATION IN DATA TABLE

WHICH SHOULD BE USED

MAXIMUM MOVE SIZE

LOCATION OF LOCATION IN DATA

TABLE OF FIRST COMPONENT, MID-

POINT OF U, Vw W SUMS

LOCATION IN DATA TABLE OF RANGE

OF FIRST COMPLETELY EDITED POINT

LOCATION IN DATA TABLE OF FIRST

COMPONENT OF FIRST POINT TO BE

CONVERTED

LOCATION OF LOCATION IN DATA

TABLE OF FIRST COMPONENT OF

FIRST CONVERTED POINT

LOCATION IN DATA TABLE OF FIRST

COMPONENT OF LAST POINT TO BE

COMVERTED

LOCATION OF LOCATION IN DATA

TABLE OF FIRST COMPONENT OF LASt

CONVERTED POINT

1. H IS EITHER F {FOR FPS-16 RADAR DATA) OR V (FOR

VERLORT RADAR CATA}.

2. ALL QUANTITIES ARE OCTAL UNLESS OTHERWISE SPECIFIED.
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i ENTER
MPEOBD

ti111111111111t

i TRN{]N A •MNECPD /RNOF•

B MNEOBD •

• SAVE tics

AN[) tssco
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*** I • .
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ao

I,'[,. PT..t •

SE('S A_t' ;

.•,*,,•..•,H.•

DISABLE - ('()MPUI'E

t e ('I'III_EN'[ ¸ "rIME
IN Ft,. PT.

t SE('S ENABLE

MPEEX

• eYES *-*

• t'ba r GT t • ,_ C}_

• NO

• • •YES

• ABUKT PHASE • • .......................

• NO
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*BE *

•YES

isles = 0 • .......................

* , • , • e

m , _ O

N,! ,.o=,ssoo*2O.
; IFL. Pr..1 SEC)_ ; (FL. PT..1 SEC)_

°O,H*JJ•IH*•* °°•*O•***•HtH

oX ................................

• • *NO

t' e GT t c • ........

• * _ES

x

0 INTO P *

:x .................

MPEF6

• *YES ••*•

• • P EQUALS G • •_( 8_, •e

• ••u*

* * _WO

x

: ",_'N',_-.• _4,_i_?:
• ARC ti = t c *.

esa - 0 .*

MPEF6

P INTO 6 _..._ BE*"

4T•• •*•*



V(ILIII REALTIME PROCESSORS PART [ - LAUNCH/ABORT

••°°°,*mi•*•*••

ENTER •

• MPEVR

,•*•wnu•H*H**

_••°....m,•,_•_

SHOW EDITING"
VERLIgRT SET •

• SUPRESS •
• VERLURT TABLE•
° MnVE •
oSl':TLstmv / O•

i • • I

• _/ERLGRT TABL_N_

• ESTABIISHED * .......................

• • t NI_TTD (_QUAL° °

i_mP(] [NTS IN,NO

• TABLE
• (LRTBE-I ER-!)I ° ..................... X.

• eFOGAL TTO', OR •

;ES

_.o,°,,*wJi*i•_

• SH_)w AT LEAST•

• (INE TABLE •

° " • • *YE_ o._ e***e**.eeee*ee

• • USIN(_RSHORI •_( C8• ! EXIT
MFEOBD

• •sli ap / 0• • •*o _lIiteo•ee•ea

• _o

• VEI_I.OI_E •NO

• NEW FIT ENEI{Y • • .......................

Lnfu _ 0 •

• _ES

*,.•.••,,•m•.•* H .I•H•H••HHH

" - VERLORr : .... VERLOR! :
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;

i EXIT
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VLJL III REAL TIME PROCESSORS PART I - LAU_CI_I^_URT

MPEFb

,.. *..............
• • • SHOW EDITING •

• BI ..Xm FPS-16 SET •

:-**_;;_;_**:
• FPS-I6 TABLE*

_CVE SET •
• istmf NOT •

• E_UAL TO O •
•,••Hmm.t°°°ow

(L]RTBE-FER-9)

GT/ = TO 0

. *Eps-_6 TABLe%° ...............
ESTABLISHED • ............ X_ EXIT

• * - • MFE _B[I.'TN% _0OAL . ..............
• _'ES

• NO *•H*•••**H•••

• . !PGINTS IN • ............ X• EXIT

TABLE MFE2BD

• • •*,••..H.....•
° •

"_ES

• ONE TABLE °

ESIAB i t

• EQUAL 0 •
.ml.ln•Ha••_*•

* * ° * * *YES

• USING SHORT * ..................... _.

• ARC 0

" • saip _ • •

_o

° .

• •NO

* FPS-16 NEW • ..................... x.

Fit ENTRY •

• Inf f = O. *

_ts

: ............. : : ............. :

! ERS-,....: !PARAMETERS ................. X_ PARAMETERS

(NTO MCFSTL • • INTO MCESTL

•°**•°*°•°•°•*i

EXIT •

• EOBOIT

l°•.*.*,..•°J*•
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15. EOBDIT - BERMUDA HIGH-SPEED EDIT

THIS PROGRAM EDITS ALL UNPROCESSED AN/FPS-16 AND

VERLORT RADAR OBSERVATIONS RECEIVED BY WAY OF THE HIGH-

SPEED DATA LINES FROM BERMUDA PRIOR TO THEIR USE BY THE

SMOOTHING OR SHORT PROCESSORS. (SEE FLOWCHARTS.)

INPUT

A) TABLES -

TCBDF6 (OR

TCBDVE)

TMHCRF (OR

TMHCRV

A 601-WORD TABLE CONTAINING IN THE

FIRST WORD, THE GMT TIME TAG IN 0.2

SECOND INCREMENTS, FIXED POINT, B35

OF THE FIRST OBSERVATION IN THE

TABLE. THE REMAINING 600 WORDS OF

THE TABLE CONTAIN UP TO 200 3-WORD

AN/FPS-16 (OR VERLORT) RADAR OBSER-

VATIONS. THE FIRST OF THE THREE

WORDS IN EACH OF THESE OBSERVATIONS

CONTAINS THE SLANT RANGE (R), EX-

PRESSED AS FIXED POINT FEET_(B35),

WHILE THE SECCND AND THIRD WORDS

CONTAIN AZIMUTH (A) AND ELEVATION

(E), RESPECTIVELY, EXPRESSED AS

FIXED POINT RADIANS (B14). THE

TIME INCREMENT BETWEEN SUCCESSIVE

OBSERVATIONS IN THE TABLE IS 0.I

SECOND.

A g-WORD TABLE OF EDIT CRITERIA FOR

AN/FPS-16 (OR VERLORT) RADAR DATA

CONTAINING THE FOLLOWING LIMITS -

+0 2_.5 TIMES ALLOWABLE RANGE ERROR
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TMHEDF {OR

TMHEDV}

÷I 2.0 TIMES ALLOWABLE RANGE ERROR

+2 6_.0 TIMES ALLOWABLE RANGE ERROR

+3 2_,5 TIMES ALLOWABLE AZIMUTH

ERROR

÷4 2.0 TIMES ALLOWABLE AZIMUTH

ERROR

÷5V/6-_-0TIMES ALLOWABLE AZIMUTH

ERROR

÷6 2_.5 TIMES ALLOWABLE ELEVATION

ERROR

÷7 2°0 TIMES ALLOWABLE ELEVATION

ERROR

÷Bv_'_-O TIMES ALLOWABLE ELEVATION

ERROR

A 32-WORD TABLE OF WHICH THE FIRST

SEVEN WORDS ARE USED IN EDITING THE

RADAR OBSERVATIONS OF THE TCBDF6

(OR TCBDVE) TABLE. THE FIRST SEVEN

WORDS ARE -

+0 LOCATION OF THE LAST RANGE

ENTRY LRTBE OF THE LAST

OBSERVATICN.

+I LOCATION OF THE FIRSI EDITED

RANGE ENTRY FIR

+2 LOCATION OF THE LAST EDITED

RANGE ENTRY (LER)

+3 LOCATION OF THE FIRST EDITED

AZIMUTH ENTRY (FEA}

÷4 LOCATION OF THE LAST EDITED

AZIMUTH ENTRY (LEAD

÷5 LOCATION OF THE FIRST EDITED

ELEVATION ENTRY (FEE)
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+6 LOCATION OF THE LAST EDITED

ELEVATION ENTRY (LEE)

ThE ENTRIES OF THE TABLE TCBDF6 (OR TCBDVE), WITH

T_E FIRST WORD OF TMHEDF (OR TMHEDV), ARE STORED BY

THE BERMUDA HIGH-SPEED RADAR PROCESSOR, IOHSBD. THE

NEXT SIX ENTRIES OF TMHEDF (OR TMHEDV) ARE INI-

TIALIZED BY MONITOR PROGRAMS ON THE FIRST OR RESTART

EDIT ENTRIES AND ADJUSTED BY THE BERMUDA HIGH-SPEED

RADAR DATA PROCESSOR WHEN THE DATA TABLE IS MOVED

TO ACCOMODATE NEW DATA. EOBDIT, ITSELF, ALSO AD-

JUSTS THESE QUANTITIES AS EDITING PROGRESSES.

B) CONSTANTS -

DEC -I FIXED POINT MINUS ONEKMOOOI

KGOGOI DEC

KOOO02 DEC

KO0003 DEC

KO0006 DEC

KO0009 DEC

KVMNRP DEC

C)

I FIXED POINT ONE

2 FIXED POINT TWO

3 FIXED POINT THREE

6 FIXED POINT SIX

9 FIXED POINT NINE

30 THREE TIMES THE MAXIMUM NUM-

BER OF BAD POINTS ALLOWED, IN

FIXED POINT

COMMUNICATION CELLS -

MCESTL SIGN - NEGATIVE IF THE DATA IS IN A

BAD FIT AND THE SMOOTHING PRO-

GRAM, CSOGLS, IS TO BE USED.

OTHERWISE POSITIVE.

ADDR - LOCATION OF THE TABLE OF EDIT

PARAMETERS FOR EITHER AN/FPS-16

DATA (TMHEDF) OR VERLORI DATA

(TMHEDV).

DECR - LOCATION OF TABLE OF EDIT CRI-

TERIA FOR EITHER AN/FPS-16 DATA

50



VOL III REAL TIME PROCESSORS PART I - LAUNCH/ABORT

OUTPUT

A)

MCSAIP

(TMHCRF) OR VERLORT DATA

(TMHCRV)o

NON-ZERO IF THE SHORT ARC PROGRAM,

CASARC, IS TO BE USED. OTHERWISE

ZERO.

TABLES -

TCBDF6 (OR

TCBDVE)

A 601-LOCATION TABLE CONTAINING THE

EDITED RADAR OBSERVATIONS IN THE

FOLLOWING FORMAT - TIME TAG (GMT) OF

THE FIRST OBSERVATION IN THE TABLE

IN FIXED POINT 0.I SECOND INCRE-

MENTS, B3S.

TCBDF6 + CITMHEDF+I) FER

TCBDF6 + CITMHEDF÷3) FEA

TCBDF6 + CITMHEDF+5) FEE

o o

TCBDF6 + C(TMHEDF÷2) LER

TCBDF6 ÷ CITMHEDF÷4) LEA

TCBDF6 ÷ C(TMHEDF+6) LEE

THE TABLE TCBDVE IS SIMULARLY AR-

RANGED•

TMhEDF (OR A 32-LOCATION TABLE CONTAINING THE

TMHEDV) RANGE LOCATION OF THE LATEST OBSER-

VATION FOR WHICH ALL THREE COORDI-

NATES HAVE BEEN EDITED IN THE EIGHTH

LOCATION, TMHEDF+T (OR TMHEDV÷7),

AND THE RANGE LOCATION OF THE EAR-

LIEST OBSERVATION FOR WHICH ALL
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THREE COORDINATES HAVE BEEN EDITED

IN THE TWENTY-EIGHTH LOCATION,

TMHEDF÷27 (OR TMHEDV+27).

UPON EXIT FROM EOBDIT -

A) IF THERE HAVE BEEN i OR 2 BAD POINTS IN SUCES-

SION, INTERPOLATED VALUES WILL REPLACE THE

TRANSMITTED VALUES OF THESE POINTS IN THE TCBDF6

OR TCBDVE TABLES.

B) IF THERE HAVE BEEN MORE THAN 2 BAD POINTS IN

SUCCESSION AND CASARC IS TO BE USED, -LIS RE-

PLACE THE TRANSMITTED VALUES OF THE POINTS.

C) IF THERE HAVE BEEN MORE THAN 2 BAD POINTS IN

SUCCESSION, BUT LESS THAN THE MAXIMUM NUMBER OF

BAD POINTS ALLOWED, AND CSOGLS IS TO BE USED,

INTERPOLATED VALUES REPLACE THE TRANSMITTED

VALUES OF THE POINTS.

METHOD

WHEN CONTROL IS FIRST GIVEN TO EOBDIT, THE TABLE OF

EDIT PARAMETERS, TMHEDF (OR TMHEDV) INDICATES THAT THE

RADAR DATA TABLE TCBDF6 (OR TCBDVE| CONTAINS FOUR OR MORE

UNEDITED OBSERVATIONS. SUBSEQUENT ENTRIES ARE MADE AT

1.0 SECOND INTERVALS. UPON EACH ENTRY, THE CONTENTS OF

MCESTL GIVE THE LOCATIONS OF THE EDIT PARAMETER AND CRI-

TERIA TABLES TO BE USED.

THE EOBDIT PROGRAM FIRST EDITS ALL PREVIOUSLY UN-

EDITED OBSERVATIONS IN TCBDF6 (OR TCBDVE). THE EDIT PRO-

CEDURE USED IN EOBDIT IS COMPOSED OF SIX DISTINCT STEPS -

A) INITIALIZATION

B) NO PREVIOUS EDITING

C) PREVIOUS EDITING

D) ONE OR TWO CONSECUTIVE REJECTED POINTS
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E) THREE OR MORE CONSECUTIVE REJECTED POINTS

F) TEST FOR OTHER UNEDITED COORDINATES

INITIALIZATION

THE FOLLOWING QUANTITES ARE PLACED IN THE ADDRESS

PORTIONS OF INDIVIDUAL CORE LOCATIONS -

LOCATION OF LAST RANGE TO BE EDIIED U)

LOCATION OF FIRST EDITED RANGE _)

LOCATION OF LAST EDITED RANGE(i)

LOCATION OF FIRST EDITED ELEVATION

IF h=i, THE DATA TABLE CONTAINS NO EDITED OBSERVA-

TIONS AND A TRANSFER IS MADE TO NO PREVIOUS EDITING. IF h_i

THE DATA TABLE DOES CONTAIN EDITED OBSERVATION AND

TRANSFER IS MADE TO PREVIOUS EDITING.

NO PREVIOUS EDITING

IN THIS CASE, THERE EXIST AT LEAST FOUR POINTS TO BE

EDITED. THE FIRST AND THIRD POINTS ARE USED TO PREDICT

THE SECOND, WHICH IS THEN COMPARED WITH THE ACTUAL VALUE.

IF THIS COMPARISON IS SUCCESSFUL, THE SECOND AND FOURTH

POINTS ARE USED TO PREDICT THE THIRD, WHICH IS COMPARED

TO ITS ACTUAL VALUE. LINEAR, ALMOST-LEAST-SQUARES FORMU-

LAS ARE USED - X 2 = (X1 +X3)/2, X 3= (X2 +X4)/2.

BY CONSIDERING OVERLAPPING SETS OF FOUR POINTS, THIS

TEST IS CONTINUED UNTIL A SET OF FOUR POINTS IS FOUND

WHICH SATISFIES BOTH THESE FORMULAS OR UNTIL NO MORE DATA

IS AVAILAB_, h AND i ARE UPDATED AT EACH STEP. IF FOUR

SATISFACTO_ POINTS A_ FO_D, i IS FURTHER UPDATED AND

TRANSFER IS MADE TO PREVIOUS EDITING. IF THE DATA IS

EXHAUSTED BEFORE FOUR SUCH POINTS ARE FOUND, TRANSFER IS

MADE TO TEST FOR OTHER UNEDITED COORDINATES.
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PREVIOUS EDITING

THIS IS THE NORMAL CALCULATION. THE RAiE OF CHANGE

BETWEEN SUCCESSIVE POINTS IS STORED FOR POSSIBLE USE IN

THE ''THREE OR MORE CONSECUTIVE REJECTED POINTS'' SEC-

TION. FOUR ESTABLISHED POINTS ARE USED TO PREDICT A

FIFTH AND AS YET UNEDITED POINT. WHICH IS COMPARED WITH

ITS A_UAL VAWE. IF THE POINT IS AC_PTEDj i IS UPDATED

AND THE PROCESS CONTINUES UNTIL A POINT IS REJECTED OR

UNTIL THE DATA IS EXHAUSTED. A TRANSFER IS IHEN MADE TO

ONE OR TWO CONSECUTIVE REJECTED POINTS OR TO TEST FOR

OTHER UNEOITED CCORDINATESt RESPECTIVELY. THE FOLLOWING

LINEAR, ALMOST-LEAST-SQUARE FORMULA IS USED TO PREDICT

THE FIFTH POINT -

X5=X4+(X3-X1)/2

CNE OR TWO CONSECUTIVE REJECTED POINTS

A SIXTH POINT IS PREDICTED FROM THE FOUR ESTABLISHED

POINTS, IF ACCEPTED, THE FIFTH POINT IS INTERPOLATED AND

A RETURN IS MADE TO PREVIOUS EDITING.

X6=X4÷X3-X1, X5=(X6÷X4)/2

IF THE SIXTH POINT IS REJECTED AND NO MORE DATA IS

AVAILABLE, A TRANSFER TO TEST FOR OTHER UNEDITED COORDI-

NATES IS MADE. IF MORE DATA IS AVAILABLE, THE SEVENTH

POINT IS PREDICTED FROM THE FOUR POINTS- IF THE SEVENTH

IS ACCEPTED, BOTH THE FIFTH AND SIXTH POINTS ARE INTERPO-
t

IN THISLATED AND RETURN THEN MADE TO PREVIOUS EDITING.

CASE,

XT=2X4-X 1

Xs=(X?÷X4-X3+X2)/2

X6=(XT+X4+X3-X2)/2
IF THE SEVENTH POINT IS REJECTED, A TRANSFER IS MADE

TO THREE OR MORE CONSECUTIVE REJECTED POINTS.
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THREE OR MORE CONSECUTIVE REJECTED POINTS

IN THIS CASEt THREE OR MORE POINTS NAY ACTUALLY BE

IN ERRDRt OR THE TRAJECTORY HAS BEEN DISTINCTLY ALTERED

AND THESE POINTS LIE ON THIS TRAJECTORY= IF THERE IS NO

DATA, A TRANSFER TO TEST FOR OTHER UNEDITED COORDINATES

IS MADE. IF THERE IS MORE DATA, SUCCESSIVE SETS OF FOUR

POINTS ARE AGAIN USED TO ESTABLISH A STRAIGHT LINEr AS IN

NO PREVIOUS EDITINGt UNTIL A SET OF FOUR ACCEPTABLE

POINTS IS FOUND_ OATA IS EXHAUSTEDt OR A PRESET MAXIMUM

NUMBER OF ATTEMPTS TO FIND SUCH A SET HAS BEEN EXCEEDED.

IF AN ACCEPTABLE SET IS FOUND THE AVERAGE RATE OF CHANGE

IS CHECKED AGAINST THE ONE SAVED UNDER '*PREVIOUS

EDITING.=' IF THEY ARE NOT WITHIN A PRESCRIBED TOLERANCE

THE SET IS REGARDED AS UNACCEPTABLE. IF tHE SET IS AC-

CEPTABLE AND SMOOTHING IS TO BE USED THE MISSING POINTS

ARE INTERPOLATED FOR ANE PLACED IN THE TABLE) MINUS ONES

ARE PLACED IN THE TABLE IF SHORT ARC IS TO BE USED. IF

THE DATA I,S EXHAUSTED BEFORE A SATISFACTORY SET IS FOUNDt

A TRANSFER IS MAOE TO TEST FOR OTHER UNEDITED COORDI-

NATES. IF THE PRESET MAXIMUM NUMBER OF ATTEMPTS IS EX-

CEEDED (PRESENTLY X0) AND THE SHORT ARC PROGRAM (CASARC)

IS TO BE USED TO FURTHER PROCESS THE DATAt THE TABLE OF

EDIT PARAMETERS (HHEDF OR TMHEOV IS RESET TO SHOW THE OB-

SERVATION CONTAINING THE OFFENDING COORDINATES AS THE

FIRST EDITED OBSERVATION. EDITING OF THIS COORDINATE

THEN RESUMES BY A TRANSFER TO NO PREVIOUS EDITING (IF THE

DATA TABLE CONTAINS FOUR OR MORE ENTRIES OF THIS COORDI-

NATE WHICH HAVE BEEN EDITED) OR BY A TRANSFER TO TEST FOR

OTHER UNEDITED COORDINATES (IF FEWER THAN FOUR ENTRIES

REMAIN).
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IF THE PRESET MAXIMUM NUMBER OF ATTEMPTS IS EX-

CEEDED AND THE GENERAL LEAST SQUARES SMOOTHING PROGRAM

(CSOGLS) IS TO BE USED TO FURTHER PROCESS THE DATA, THE

SIGN OF MCESTL IS EXAMINED TO DETERMINE WHETHER AN EX-

CESSIVE NUMBER OF BAD POINTS WAS ALSO FOUND ON THE PRE-

VIOUS ENTRY. IF THIS IS THE FIRST TIME AN EXCESSIVE NUM-

BER OF BAD POINTS HAS BEEN FOUND, THE BAD POINTS INDICA-

TOR IS SET AND A TRANSFER IS MADE TO TEST FOR OTHER UN-

EDITED CCORDINATES. IF THIS IS NOI THE FIRST TIME AN

EXCESSIVE NUMBER OF BAD POINTS HAS BEEN FOUND (I.E., THIS

ENTRY WAS TO TRY TO REESTABLISH THE FITI, THE IABLE OF

EDIT PARAMETERS TMHEDF OR TMHEDV IS RESET TO SHOW THE

LAST OBSERVATION CONTAINING THE OFFENDING COORDINATE AS

THE FIRST EDITED OBSERVATION. TRANSFER IS THEN MADE TO

TEST FOR OTHER UNEDITED COORDINATES. THE REQUIRED LIN-

EAR, ALMOST-LEAST- SQUARES FORMULAS ARE -

Xi+k_ 1 =(Xi+ k +Xi+k_ 2 )/2

Xi+ k =(Xi+k+ 1 ÷X i+k_1 )/2

Xi+ N =Xi+ N (Xi+k_ 2 - Xi)/k-2 N=I,2,3,...

TEST FOR OTHER UNEDITEO COORDINATES

UPON COMPLETING THE EDITING OF THE RANGE OR AZIMUTH

COORDINATES, THE h AND i PARAMETER LOCATIONS ARE UPDATED

AND A RETURN MADE TO PROCESS THE REMAINING COORDINATES.

UPON COMPLETION OF THE EDITING PROCEDURE, A TRANSFER IS

MADE TO THE BAD POINTS SUFFIX, MFEBAD, IF FOR THE FIRST

TIME, THE MAXIMUM NUMBER OF BAD POINTS ALLOWED HAS BEEN

EXCEEDED AND THE GENERAL LEAST SQUARES SMOOTHING PROGRAM

IS TO BE USED. OTHERWISE, TRANSFER IS MADE TO THE NORMAL

SUFFIX, MFEOBD.
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USAGE

EOBDIT INITIALLY RECEIVES CONTROL FROM ITS PREFIX,

MPEOBD, AS SOON AS THE LATTER HAS DETERMINED (I) THAT THE

TIME FOR ACTIVATION OF THE BERMUDA HIGH-SPEED LINES HAS

OCCURRED AND (2) THAT AT LEAST FOUR UNEDITED POINTS EXIST

IN THE TCBDF6 (OR TCBDVE) TABLE. THEREAFTER, CONTROL IS

GIVEN TO EOBDIT BY MPEOBD AT I.O SECOND INTERVALS.

A) STORAGE REQUIRED -

26] LOCATIONS

B) TIMING (7094) -

NO PREVIOUS EDITING, IO GOOD POINTS- 1.209 MSEC.

PREVIOUS EDITING, TO GOOD POINTS- 1.69) MSEC.

PREVIOUS EDITING, I BAD POINT -

PREVIOUS EDITING,

PREVIOUS EDITING,

9 GOOD POINTS- 1.953 MSEC.

2 BAD POINTS-

8 GOOD POINTS- 1.678 MSEC.

MORE THAN 10

BAD POINTS- 2.017 MSEC.
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• ° *.*.

• _o

• * e *YES ***°

• [(I/2)(Xi_3~Xi+k_3) e_ B_ •

"%v_l_T_.* :._:"

.......... x* CO-
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• • -i INTO i+k-6.

_80"- USING SHORT " . .............. X* TO SHOW

• " * ARC BAD PT.

• H • • . • • *H*HH*,*,,°_

• NO

***,IHHIHH*

k+3 INTO k •

_IOJHeH,**_**

• IN0 _*I..
• kGT M *

• X B3 *
• * * 63s

• . s***

• ..H*.**,**o°°.

• * •YES _ i*k-6 :

USIN_R_HURI • ............................................... _• INT¢) AC •

• _**..••H*••.H

• * •NO _HH*••**•••*_ •*•* •H*•*•.°°.*°*.

• t • NOT F_UAL • • • _ AC INTO h

• ALREADY MERE • .............. XeZERU |NTU EAD•...X Bg • _ AC INT() i

F[)R BAD POINT • • POINTS • • bit

_Es

:.............: ..... k .%o :....
l* i+M-9 INTO h • •

i,M-9 INTO k •...X Bg•• • ,:I (;r j •X _.,
61• • •

• " If°.

.......... x• E_19 ,
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16. MFEBAD - MONITOR BAD POINTS SUFFIX TO EOBDIT

THIS PROGRAM REINITIALIZES THE EDIT AND SMOOTHING

PARAMETERS WHEN AN EXCESSIVE NUMBER OF BAD RADAR POINTS

IS ENCOUNTERED. (SEE FLOWCHART.I

INPUT

A)

BI

C)

TABLE -

TMHEDF

(TMHEDV|

CONSTANTS -

KO0001

KOO009

A 32-LOCATION IABLE CONTAINING THE

EDIT, SMOOTHING, AND SHORT ARC

PARAMETERS

DEC

DEC

I FIXED POINT ONE

9 FIXED POINT NINE

COMMUNICATION CELL -

MCERAO ZERO IF FPS-16 DATA JUST EDITEDt

NON-ZERO IF VERLORT, P
e

OUTPUT

A) TABLES -

TMHEDF

(TMHEDV)

TCFSPU+I

(TCVSPT+I)

TCFSWT+I

(TCVSWT÷I)

A 32-LOCATION PARAMETER TABLE RE-

INITIALIZED AS THE RESULT OF BAD

POINTS

THE SECOND OF TWELVE CELLS IN THE

SMOOTHING PARAMETERS TABLE. RESET

TO ZERO INDICATING A FIRST OR RE-

START ENTRY TO SMOOTHING, esn.ff(OR eB_v)

THE SECOND OF FIFTY-TWO CELLS IN THE

SMOOTHING WORKING TABLE. RESET TO

ZERO. THIS CELL CONTAINS THE MID-

POINT OF THE LAST SMOOTHED SPAN OF
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B)

f \

DATA, T,(Xo) f _R L(Xo) v)
COMMUNICATION CELL -

MCINFF SET NON-ZERO TO SHOW DATA MUST BE

(MCINFV) EDITED FOR A NEW FIT, ink (ORinfv)

METHOD

MFEBAD IS ENTERED THE FIRST TIME A SET OF BAD RADAR

DATA POINTS EXCEEDING THE MAXIMUM NUMBER IS ENCOUNTERED

WHEN THE GENERAL LEAST SQUARES SMOOTHING PROGRAM (CSOGLS)

IS TO BE USED TO PROCESS THE EDITED DATA.

AFTER DETERMINING THE SOURCE FROM WHICH THE BAD

POINTS CAME, MFEBAD SETS THE INDICATOR MCINFF (MCINFV} TO

SHOW THAT DATA FROM THE FPS-16 |VERLORT) RADAR MUST NOW

BE EDITED FOR A NEW FIT. IT REINITIALIZES THE EDIT

PARAMETERS FOR THE DATA AS FOLLOW -

FER = LER = LR - 3M - 9

FEA = LEA = LR - 3M - 8

FEE = LEE = LR - 3M - 7, WHERE M IS THE MAXIMUM

ALLOWABLE NUMBER OF BAD

POINTS.

NEXT, MFEBAD RESETS THE CELL CCNTAINING THE MIDPOINT

OF THE LAST SMOOTHED SPAN OF DATA TO ZERO SO THAT THE

DATA TABLE MAY STILL BE MOVED TO ALLOW THE ENTRY OF NEW

DATA. THE FIRST OR RESTART ENTRY INDICATOR IS ALSO SET

FORCING THE SMOOTHING PROGRAM TO REINITIALIZE AT THE

POINT OF GOOD DATA WHEN IT IS ENTERED AFTER THE NEW FIT

HAS BEEN FOUND.

FINALLY, MFEBAD GIVES CONTROL TO MPEOBD FOR AN
i

IMMEDIATE EDIT PASS ON THE SAME RADAR DATA IN AN ATTEMPT

TO ESTABLISH THE NEW FIT.
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USAGE

A)

B)

C)

MFEBAD RECEIVES CONTROL FROM EOBDIT.

FERS CONTROL TO MPEOBD.

STCRAGE REQUIRED - 34 LOCATIONS

TIMING (7094) - .054 MILLISECONDS

IT TRANS-
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*.......**°..*.

: ENTER *

• NFEBAD
IHeIQH*,***.*

MFESRD • " • • •..o......,e•,=

• NO •SHOW VE }}.LOHT °

• FPS-I_ E01TED • • ............ X: IIq_EWFIT *

• SET infv / 0 •

• vo:o : ............. :
_ES

.•••..•.*..•*°*

• SHOW FPS-16 •

: 1N NEW FIT :

• SET inf f i 0 .

*•:••**•'°*'•: LR +3M-9 INTO FER INTO LERR INITIAL lit• v v v

: VERLtJrl LER +1 INTO FEA INTO LEAPARRME tE_ : v v v

:.•..•...°...o: LEH +2 INTO FEE INTO •,El.:v v v

LRF+3M-gINT_FERFINTOLERF _ REIMIrlRLIZE:

LSRF+I[NTOFEA F INTO LEA F : FRS-t_ :
PARAMETERS

LERF+2INTOFEEFINTO LEE F :....••.•...,.:

: ENTRY IU o INTO•SMOOTHI';G. : smv

• RSET MIUPHINI• o INTO L (X0)y

**'*S_Ow*_St**:

01NTOesm f • ENTRY TO •
• SNCOTHING. •

OINTOL (Xo) f ••RSEToF _IDPUINr*SUMS *

• _•••••°•°•°'°••

: ._E__''

: EXIT :

• MFEFS
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I7. MFEOBD - MONITOR SUFFIX TO EOBOIT

MFEOBD DETERMINES WHETHER BOTH DATA SOURCES HAVE

BEEN PORCESSED BY EOBDIT AND WHETHER IT IS PERMISSIBLE TO

ENTER ONE OF THE BERMUDA HIGH SPEED RADAR DATA PROCES-

SORS. (SEE FLOWCHART).

INPUT

A)

B)

OUTPUT

A)

TABLE -

TMHEDF

(TMHEDV)

THE 32-LOCATION TABLE CONTAINING THE

FPS-16 (VERLORT) INPUT, EDIT_

SMOOTHING AND SHORT ARC PARAMETERS

COMMUNICATION CELLS -

MCERAD CONTAINS INDICATION OF SOURCE OF

DATA JUST PROCESSED BY EOBDIT- ZERO,

IF DATA WAS FROM FPS-16 RADAR, NON-

ZERO, IF DATA WAS FROM VERLORT

RADAR_ P
e

MCINFF NON-ZERO IF FPS-16 (VERLORT) DATA IS

[MCINFV) TO BE EDITED FOR A NEW FIT. ZERO

OTHERWISE. (i_f OR i_v)

MCTAST NON-ZERO IF AT LEAST ONE DATA TABLE

HAS BEEN ESTABLISHED (I.E., HAS

FOUR DATA POINTS IN IT). OTHERWISE,

ZERO. (i)*
sate

COMMUNICATION CELLS -

MCINFF RESET TO ZERO IF NEW FIT ESTABLISHED

(MCINFV) FOR FPS-L6 {VERLORT) DATA, i_f (OR infv)
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METHOD

WHEN MFEOBD RECEIVES CONTROL, IT DETERMINES WHICH OF

THE CATA SOURCES WAS BEING PROCESSEC AND WHETHER THE DATA

WAS BEING ECITED FOR A NEW FIT. IF THE DATA FROM THAT

RADAR WAS GCOD, MFEOBD CONTINUES AS IN B).

A) IF THE RADAR DATA WAS BEING EDITED FOR A NEW

FIT, MFEOBD CHECKS THE EDIT PARAMETERS TO

DETERMINE WHETHER THE NEW FIT HAS BEEN

FOUND.

IT HAS NOT BEEN FOUND IF FER=LER, FEA=LEA,

OR FEE=LEE AND MFEOBD CONTINUES AS IN B).

IF FER_LER, FEA_LEA, AND FEE_LEE, THE NEW FIT

HAS BEEN FOUND AND MCINFF (OR MCINFV) IS RESET

ACCORDINGLY.

B) SINCE EOIT HAS FINISHED PROCESSING THE DATA AND

UPDATING THE NECESSARY PARAMETERS, THE DATA

TABLE MOVE IS UNSUPPRESSED SO THAT OLD DATA MAY

BE TAKEN OUT OF THE TABLE, IF NECESSARY.

IF FPS-16 DATA WAS EDITED ON THIS ENTRY, MFEOBD

GOES BACK TO MPEOBD FOR AN EDITING PASS ON THE

BERLORT DATA.

ONCE THE VERLORT DATA HAS BEEN EDITED, MFEOBD TRANS-

FERS CONTROL TO MOPRIO WITH ITS OWN ''IN PROCESS'' (A)

BIT TURNED DFF AND, IF THE CONTENTS OF MCTAST INDICATE

THAT AT LEAST ONE DATA TABLE IS ESTABLISHED, THE ''READY'

(B) BIT TURNED ON FOR THE BERMUDA PROCESSORS, SHORT ARC

AND SMOOTHING.
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USAGE

MFEOBD IS ENTERED FROM EOBDII AND TRANSFERS CONTROL

EITHER TO MCPRIO OR TO MPEOBD.

A) STCRAGE REQUIREMENTS -

36 LOCATICNS

B) TIMING (7094) - .012 MILLISECONDS, MINIMUM

.054 MILLISECONDSt MAXIMUM
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,ooo.oo•o.°.oo,

i Enter
MFEOBD

•o,.•••H•.,o.=

°

° . "
• * *nO * IS vERLI)Rr _nO

• IS FPS-I/_ ° ............ x N_W tLT E'_|rY • ........

EDITED Pe=C • In[ v o •

• YES

x

• ° -No

• • IS FPS-16 A • - ........

NEW fIT ENTRY •

YES

o
• _nO

e

° Du[Sint I _ ) • ....... x

°

YES

Y_

• °

.YE_

tiDeS FE,_r • ....... X

• LErv_ °

°
• •

• +L,

• °YES •YE_

• O0_L_R,EE....' Z.......... " ......L_'_^ • .".........

_,o %

• • •YE_ ° .YES

• DUES EtA • ....... x °DES fLc ° ....... x

LFAf f • LEI-v v •

m

@

• • ,Y_S

• OOEb FEE • ....... x

. LEE[ 1

NO

,MFEVG

• RESET NEW FlIt
• |ND. SET •

Lnt I t)

."x .................

.°°°°,m••••°,,

[IN SI 'l'llll I+;SS

[,']'s Ii_ _.1(1% E •

Sl,:r i tlllj _1 i

_°°o°••,.•••,•_

• RESEt _£W fill
• INI). Suf •

:.... _:..':...:

.x .................

°•H°••l•,•+°°,

i _#_;_?_:
_ S_Fi_(]I%_ (I •

J••o•°,°°°•o•l•

*•°°•°oo,•o••**
"'°

:t+r...x: t,,_._t,, :
M _It_L.A c>

.. ..............•

• ts A ,,,vi.+"V :.............:
EST ABL I S+_LI) i .............. x "_ I IINLJF A. !

mnht ,,tit
• r_af S is S rF. ¢- _} •

• _, • _,o,°•.•.°°o°°°

° ° •,°
• YtS • •
.......... x• P?•

••°•+g,,°,,,•,°

: _ :
• MPtVr

•••,,,,,,,,,oo,

•°,,H••°,••°,,

,,,,••••,o,o,,,
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18. MPBDAS - MONITOR PREFIX TO CSOGLS AND CASARC

THIS PROGRAM CONTROLS ENTRIES TO THE BERMUDA HIGH

SPEED RADAR DATA PROCESSORSt CSOGLS (THE GENERAL SQUARES

SMOOTHING PROGRAM) AND CASARC (THE SHORT ARC PROGRAM)

WHICH PRODUCE THE POSITION AND VELOCITY VECTORS WITH

THEIR ASSOCIATED TIME. (SEE FLOWCHART.)

INPUT

A) TABLES -

TCFSPT

(OR TCVSPT)

TCFSWT÷I

(OR TCVSWT+I)

TMHEDF

(OR TMHEDV)

TMSTCH÷4

(OR TMSTCH)5

TMS.3M

THE 12-LOCATION PARAMETER TABLE

USED BY CSOGLS IN PROCESSING THE

FPS-16 (VERLORT) RADAR DATA

THE SECOND LOCATION OF THE FIFTY-

TWO LOCATION SMOOTHING WORKING

TABLE CONTAINING THE LOCATION OF

THE FIRST COMPONENT OF THE MID-

POINI OF THE U, V, AND W SUMS FOR

FPS-I6 IVERLORT) RADAR DATA,

L(Xo) _ (OR L(Xo)v)

THE 32-LOCATION PARAMETER TABLE

CONTAINING THE INPUT, EDIT,

SMOOTHINGt AND SHORT ARC PARA-

METERS FOR FPS-16 (VERLORT) RADAR

DATA

THE FIFTH (SIXTH) ENTRY IN THE

TMSTCH TABLE CONTAINING THE

LOCATION OF THE FPS-16 (VERLORT)

STATION _HARACTERISTICS BLOCK - i

THE 8.3 MILLISECOND COUNT SINCE
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B)

Co

THE LAST HALF-SECOND IN FIXED

POINT, B35.

TSVRAF A 12-LOCATION TABLE USED TO SAVE

(OR TSVRAV) THE LAST FOUR OBSERVATION IN THE

FPS-I6 {VERLORT) RADAR DATA TABLE

TCBDF6 A 601-LOCATION TABLE CONTAINING

[OR TCBDVE) THE FPS-16 (VERLORT) RADAR OBSER-

VATIONS. THE FIRST CELL CONTAINS

THE TIME ASSOCIATED WITH THE

FIRST OBSERVATION IN THE TABLE

IN FIXED POINT TENTHS OF SECONDS,

B35

CONSTANTS -

KO0001 DEC I FIXED POINT ONE

KO0003 DEC 3 FIXED POINT THREE

KCH233 OCT 233000000000

CHARACTERISTIC OF 233 OCTAL

KCH236 OCT 236000000000

CHARACTERISTIC OF 236 OCTAL

KB.3M3 CONVERSION OF 8.3 MILLISECOND

COUNT TO SECONDS

KO05.0 DEC 5.0 FLOATING POINT FIVE

COMMUNICATION CELLS -

MCHFSC CONTAINS CURRENT GMT IN FIXED

POINT HALF-SECONDS, B35

MCINFF NON-ZERO IF FPS-16 (VERLORT] DATA

(OR MCINFV) BEING EDITED FOR A NEW FIT, ZERO

OTHERWISE, inf f (OR infv)

MCSAIP NON-ZERO IF SHORT ARC PROGRAM IN

PROCESS, ZERO OTHERWISE, isaip
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OUTPUT

A)

B)

TABLES -

TCBDF6

(OR TCBDVE}

TCFSPT+I

(OR TCVSPT+I)

THE 601-LOCATION TABLE CONTAINING

FPS-16 (VERLORT) RADAR DATA WITH

THE LAST POINTS CONVERTED TO THE

PROPER FORMAT FOR USE BY THE

SELECTED RADAR DATA PROCESSOR

THE SECOND LOCATION OF THE 12-

LOCATION PARAMETER TABLE USED BY

THE SMOOTHING PROGRAM IN PRO-

CESSING FPS-16 {VERLORT) RADAR

DATA, SET TO ZERO TO INDICATE A

FIRST OR RESTART ENTRY UPON ERROR

RETURN FROM THE LOCAL TO INERTIAL

COORDINATE CONVERSION PROGRAM,esmf(O

TSVRAF THE 12 LOCATION TABLE

(OR TSVRAV) CONTAINING THE LAST FOUR FPS-16

{VERLORT) RADAR

OBSERVATIONS

COMMUNICATION CELLS -
l

MCINFF SET NON-ZERO ON AN ERROR RETURN

(DR MCINFV) FROM THE LOCAL TO INERTIAL COOR-

DINATE CONVERSION PROGRAM TO SHOW

THAT FPS-16 |VERLORT) DATA SHOULD

BE EDITED FOR A NEW FIT, i_f

(ORin_l CONTAINS CURRENT TIME

MCTIME IN GMT FLOATING POINT TENTHS OF

SECONDS, t
O

METHOD

WHEN CONTROL IS GIVEN TO MPBDAS, IT TURNS ON ITS A
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BIT TO SHOW THAT IT IS NOW EXECUTING , TURNS OFF iTS B

BIT (TO INDICATE THAT IT IS HANDLING THE LATEST DATA) AND

TURNS ON THE E BIT OF THE EDIT PROGRAM, EOBDIT (TO

PREVENT ENTRY TO EDIT UNTIL THE PROCESSORS HAVE BEEN

EXECUTED}.

IF THE SHORT ARC PROGRAM HAS BEEN SELECTED FOR USE

ON THIS PASS, MPBDAS COMPUTED THE CURRENT TIME IN GMT

FLOATING POINT TENTHS OF SECONDS, SUPPRESSES THE FPS-L6

AND THE VERLORT DATA TABLE MOVES, AND TRANSFERS CONTROL

TO THE SHORT ARC PROGRAM CASARC.

IF THE SMOOTHING PROGRAM IS TO BE USED ON THIS PASS

AND BOTH THE FPS-I6 AND BOTH THE FPS-16 AND THE VERLORT

RADAR DATA ARE BEING EDITED FOR A NEW FIT, NO COMPUTA-

TIONS CAN BE MADE UNTIL THE NEW FIT HAS BEEN FOUND.

THEREFORE, MPBDAS TRANSFERS CONTROL TO ITS SUFFIX,

MFBDAS.

IF THE SMOOTHING PROGRAM IS TO BE USED ON THIS PASS

AND AT LEAST ONE OF THE RADAR DATA TYPES CAN BE PRO-

CESSED, MPBDAS TAKES THE FOLLOWING STEPS -

A) ON A FIRST OR RESTART ENTRY TO THE SMOOTHING

PROGRAM FOR THIS RADAR, MPBDAS DETERMINES

WHETHER ANY EDITED OBSERVATIONS ARE AVAILABLE

(I.E., WHETHER THE LOCATION OF THE RANGE

COMPONENT OF THE LAST COMPLETELY EDITED POINT

(LR) IS GREATER THAN THAT OF THE FIRST

COMPLETELY EDITED POINT IFR). IF THERE IS NOT

AT LEAST ONE EDITED POINT, MPBDAS CONTINUES AS

IN D).

IF EDITED POINTS EXIST, HOWEVER, THE FR IS

USED TO UPDATE THE CELLS CONTAINING THE LOCA-

TIONS OF THE FIRST COMPONENTS OF (L) THE FIRST

POINT TO BE CONVERTED (FRTC), (2) THE FIRST
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CONVERTED POINT (FCR), AND, AFTER ADDING 3N, (3)

THE MIDPOINT OF THE Ut V, W SUMS (LIXo)).

SIMILARLY, THE LR IS USED TO UPDATE THE

CELLS CONTAINING THE LOCATIONS OF THE FIRST COM-

PONENT OF (1) THE LAST POINT TO BE CONVERTED

(LRTC) AND (2) THE LAST CONVERTED POINT (LCR).

THEN, BASED ON THE LR, THE LAST FOUR RADAR

OBSERVATIONS(r,a,e) ARE STORED IN THE SAVE

TABLE FDR THIS RADAR. THIS ALLOWS MPBDAS TO

CONVERT ALL OF THE LATEST OBSERVATIONS TO THE

CORRECT FORMAT FOR USE BY THE SMOOTHING PROGRAM

WHILE STILL MAINTAINING THE MINIMUM NUMBER OF

RADAR OBSERVATIONS IN THEIR ORIGINAL FORMAT FOR

SUBSEQUENT USE BY THE EDIT PROGRAM. MPBDAS THEN

CONTINUES AS IN C.

B) ON ANY ENTRY OTHER THAN THE FIRST OR RESTART

ENTRY, MPBDAS DETERMINES WHETHER ADDITIONAL

EDITED POINTS ARE AVAILABLE (I.E., WHETHER LCR÷]

{THE LOCATION OF THE FIRST COMPONENT OF THE

POINT FOLLOWING THE LAST CONVERTED POINTI IS

LESS THAN OR EQUAL TO LR). IF NOT, MPBDAS

TRANSFERS TO D}.

OTHERWISE, LCR÷3 IS USED TO UPDATE FRTC.

THEN BASED ON LCR÷3 AND THE LR, THE CONTENTS OF

THE SAVE BLOCK (CONTAINING THE LAST FOUR CON-

VERTED OBSERVATIONS FROM THE PREVIOUS PASS) ARE

STORED INTO THE DATA TABLE IN THEIR CORRECT LO-

CATIONS AND THE LAST FOUR RADAR OBSERVATIONS (r,

a,e) ARE PLACED IN THE SAVE BLOCK. THE LR

IS USED TO UPDATE LRTC AND LCR AND CONTROL PAS-

SES TO C).

C) THE SUBROUTINE CLSTDI IS ENTERED WITH THE LOCA-
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TI CTAm
TION OF THE DATA TABLE, IHE LOCATION OF ,HE _,_

TION CHARACTERISTICS TABLE, AND AN INDICATION OF

WHICH POINTS IN THE TABLE ARE TO BE CONVERTED

(IoE., FROM FRTC TO LRTC INCLUSIVE) TO THE FOR-

MAT REQUIRED BY THE SMOOTHING PROGRAM. ON A

NORMAL RETURN FROM THE CONVERSION ROUTINE, THE

SMOOTHING PROGRAM, CSOGLS, IS ENTEREO TO PRODUCE

THE POSITION AND VELOCITY VECTORS AND THEIR

ASSUCIATED TIME. WHEN THE SMOOTHING OPERATION

IS FINISHED, THE LCR IS USED TO PLACE THE LAST

FOUR CONVERTED POINTS IN THE SAVE TABLE AND TO

PLACE THE CONTENTS OF THE SAVE TABLE (THE LAST

FOUR RADAR OBSERVATIONS IN THEIR ORIGINAL FOR-

MAT) BACK INTO THE DATA TABLE. THIS SWITCHING

PRESERVES THE CONTINUITY OF BOTH THE LINE

ESTABLISHED BY THE EDIT PROGRAM AND THE SOLUTION

OBTAINED BY THE SMOOTHING PROGRAM. THE TABLE

MOVE IS UNSUPPRESSED AND MPBDAS CONTINUES AS

IN D}.

DN AN ERROR RETURN FROM CLSTOI, THE AC

CONTAINS THE ADDRESS OF THE FIRST COMPONENT OF

THE POINT IN ERROR. THIS ADDRESS IS UPDATED TO

THE NEXT POINT AND THE EDIT PARAMETER TABLE IS

REINITIALIZED AS FOLLOWS -

C(AC) +3 = FER = LER

FER +1 = FEA = LEA

FER +2 = _EE = LEE

INDICATURS ARE THEN SET TD SHOW THAT THE DATA

MUST BE EDITED FOR A NEW FIT AND THAT THE NEXT

ENTRY TO SMOOTHING AFTER THE NEW FIT HAS BEEN

FOUND SHOULD BE A RESTART ENTRY. MPBDAS THEN

TRANSFERS TO D).
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D) IF THE DATA JUST PROCESSED WAS FPS-16 DATA, THE

TABLE MOVE FOR THE FPS-16 DATA TABLE IS UN-

SUPPRESSED AND MPBDAS RETURNS TO PROCESS THE

VERLORT DATA.

IF VERLORT DATA HAS JUST BEEN PROCESSED,

ITS TABLE MOVE IS UNSUPPRESSED AND CONTROL IS

TRANSFERRED TO THE SUFFIX, MFBDAS.

USAGE

MPBDAS RECEIVES CONTROL FROM MCPRIO ONCE PER SECOND

IT TRANSFERS CONTROL TO CSOGLS, CASARC, MFBDAS.

A) STORAGE REQUIRED -

207 LOCATIONS

B) TIMING (?094) -

l} 0.134 MILLISECONDS FOR ENTRY TO CASARC

2) 50.528 + N(2.138) + P(1.494) MILLISECONDS

FOR FIRST ENTRY TO CSOGLS FOR ONE RADAR

)) 1.670 + Nl2.1)8) + P(I.494) MILLISECONDS FOR

SUBSEQUENT ENTRY TO CSOGLS FOR ONE RADAR

WHERE

N = NUMBER OF POINTS CONVERTED

P = NUMBER OF POINTS TO BE ADDED TO U, V, W SUMS

(P IS LESS THAN OR EQUAL TO N)

NOTE - ABOVE TIMES EXCLUDE TIMING FOR CASARC AND

CSOGLS PROGRAMS
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ENTER _ UPDATE SMOOTHINGAND CONVERSION

MPBDAS PARAMETERS.

i ERNON A• •MNBOAS TRNOFI
B. MNBOAS •

• ERNONE MNEPBD•

**• _FRI INTO FRTCf_

IC0•..XeFRf INTO FCRf

.... INto
LIX0_

i
a*•Ia••e•••*Ha

iLRf INTO LRTCf_

:LRf INTO LCRf :

• " " .,ES :"';;_;;_F": ...............
• eC0MP° CURRENT• SET UP ADDR OF

• USING SHORT * • .............. X• T. IN EL,T. • FPS-IBSTACHARBLK

• • PT.| SEES. • C(TMSTCH+4)+ I INTOSC[• ARC _, ,, :....E._.::._L•.: ...............

_o

.. • SWITCH•'*•

• • • COVEENTS OF •

• D3••.R• DATA tABLE •
• • • AND SAVE •

e• • BLOCK FOR •

• LAST 40BS •

i C(LRf -9) TO

i

• C(LRf+ 2)- •

• r, &, e INTO •

:.............: :.............:
• RESET FPS-IB• SUPPRESS• ANU VERLORT* _ FPS-Ib AND
• SMOOTHED SOL.* *VERLORT TABLE•

• REAOY CELLS • • MOVE• •

• • • .YES ••••••••_.*••••

.STONE.• i iFIT ENTRY * ....... EXIT

• LnI I / 0 CASARC• •*H•*•••••••*•

;o

MPBVR

• SUPPRESS • :''• • VEREORT NEw'Y_ S :••',

• FPS-16 TABLE• •B6 • FIT ENTRY *x 5_ •

• MOVE• SET * • • • inf v _ i) • • 8|•

:.'n_L_?L:2: .........

• _o

• NO • • ••••
• FIRST OR • • SUPPRESS • • •

• RESTART • ....... _ VERLRT TASLE•,..X AO •• SMOOTHING • MOVE. SET * • 81*

• i_. NOT - O* .***• E_TRY esm[-O

• _ES

x

• ;NY POINTS '_ N_ :''•* • "RUR£ PIS. E_ Y_S :'''.

• CONVERT FRILT *X C6 • CONVERT tC_f .x " *

• • LRf * * :•_* • • • •3 GT LRf • • .••.*8_•

;ES _o

• SAVE LAST •

• FOUR PPS-L6 *
r.a.e.

• ............. :

NPBCF

• C(LCRf - 9) TO • •*•*

,s..... o _L"
• TSVRAF+II • ••••

• TSVRAE TO
TSVRAE÷11

CITSVRAF] TOe
C(TSVRAF•II-•

•eate•ee•_oeete

• X, Y, Z INTO •

• LCRf- 9 TO

:..2_:.L..{

• UPOATE •

• SROOT41NG AND•
• CONVERSIDN •

• PARAMETERS •

RPBCF

: LR,IN'OL Rfi...i':'.
:I,EfmTOLRTC,: :._I"

• UPUATE •
• SMOOTHIN AND,..._ C0:
• CONVFR_InN • • •

• PARAMETERS • •••

CONVERSION •PARAMETERS..... _ OG:
• LCR I *_ INTO •
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• * • t • • HPBVE

• *FIRST O_ eND e • • eYES :e*e•eeeeieee•:
Fee* • RESTART • eeeee eet• • • * _EINIT. FOR •

IAO • SMOOTHING eX DO e *BOER IS THERE AN • .............. Xe NEW FIT

L." . _NTRY.O_v : * *.*** *.** * * ERROR. * C(AC)+3 *
• **•*•***•****•_

• * ;ES

• * ANy eN0 e•o
• PTS TO CONV. e e_ C4_

• * FRv LT LR v • e•eee

• *

• _ES

e
• *

NO

• e

e••e • •MORE PTS TO *NO lee

eD3*X CONVERT. LER * *_ =q_

ee • +3 LT/= LRv, v* •tile

_ES

-".............. - :"_;_7_": : .... ;;_'":
• GET SMOOEHED • • _ITOLERv _ * CONVERSIO_ •

• VERLORT VEC • _ • PARAMETERS *
LERv+ I II_TO . * LC_*3 I_IO •

csoGLs :....._LcY....:*••.eI••H•.•****

:'"&_%'_'": :...._;I_Ye': :'_:'_': :...._;i_'":
• SMOOTH, CONV. • * CONTENTS OF • • =ONTENT$ OF •

• DAIR TABLE •
PARAMETERS _ • DATA TABLE • _FEEvINTOLEEv _

e IX Y Z) AND * • AND SAVE

._..._........._TO _.TC_..... " _L_fiL." :2_2w_._.._IJ.: •...............BLO:. FOR :

** _Rev* _*T*_ eF*Ce_v* : L B INTO LRTC(v)_'_r ea*e)FOR•'! : • _*T* _;v•: _" • ** ** ............. :

iLRST 00$i.oSFR vL(X01)v+3N INTO eeLR v• v INTO LCRv • LAST 40BS • _TO SMOOTH SET** C[Lc{Lg_ -91_2l.T3
e * ** C(LCZv - 9) TO ** • e v=0 * r,a._ INTO

• OF VERLORT •
• STA. CHAR. •
• BLOCK FOR •
• LOCAL TO •
•••eeeeee•eeeee

..............: ... -..._,_._.p.p-...:
• C(LCR v + 2) * • A e •VERLRT TABLE •
• C(TSVRAV) TO _ ........... _C e" .X_ MOVE SET .*

C (T_/RAV + 11)
.............. : ... :...L:_._:...o...:

_e••••eee•e**•_

: TSVR.TO :TSV_AV+II

• CITSVRAV) IO*

• CiTSVRA+II) •

• INERTIAL •

PROG, C *(TRSTCH÷S)e|e

:...I_9._..:

ee••_•eee•e•*••

i Exit
NFBDAS

e****•*e••=••e•
i = X Y,Z INTO•

CIL_% -91 TO•

c(LC_,,+Z_:

_e•*•••****eee_

SAVE LAST *
FOUR VERLORT•

-9) _0 *

lltllelleleetel

• UPDATE •
• SNOOT_ING AMO*
• CDNVERSIO_ •
• PARAMETERS. •

INTO _VRAV •
CILCR ÷2l •

TO TSVRAVeII•

_PBCV

_LB INTOLCR _ ****•
• v v •...x ABe

_LRvlNTO LRTCv_ *••*

MPBCV

...--_;_ .... .
ice• • LATEST OBS.
eA8eX FRDM LOCAL ••

• • * r a,e TO *
.e • I_ERTIAL *

e••e•eee••e•••*** **•

* X Y Z (hE. • • *
* C_N_AINED IN *X BO*

e FRTC v TO • • •
e LRTC | CLSTO[ • e*e
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_PBCF
,,Hm,.,,,,,,°.

CONVERT *

_*'_ "" LAT_SI ABS.

•00 * FRLIm LC_CAL •

• • • r.:l,_' hl •

• ,, * I,_ERTIAL •

**.*.*..o*....-

• X._, Z (IN l,'lil'{' I •

• l'()lltl'('i+ ('t.s['()] I

o°..°o°o.o....+

• MPBF[

• " " ..,_s :'('('a'd_"_'t_',.?;:,_Hn,.,.._..(m

IS IHtRF AN " • .............. XIIF'I'TI{I INI"() [.I":I+11"NI.]%'. FIE"

• _RQ)R • _ [,HI I + I INI"_) ."

• • .,o,o,,o,,oo,o,

n{1

• °oo,°,°,oo,,,, o,o+°,°,°,°o,+,

• _ ]:I,:A+ IN']'() [,P;AI_{;FI SM[]i]IHIU "1

• f P _.- ). 6 VECTHP •
If- P(ISSIF_LF _ [1'_1{1 _ INi'() •

..... _.._._._._..... ." :_":::::.?:.".:.:::::!

Ii L.U"_TINIS t)[ • •L;AIA tAl_ut _ Sl'il' LNfl u

IxYll AND liFI
SAVL +iLK • • I( ) _,M( )01'11 •

• ,,,,,,°,oH,,, H,,,,,,,,,H,,

............... ...............
• (r :_ <'1 I"()t+ .

• I \_,1 I<)iI,%. • _ _l'il'c,sm I {) •

: ?.:.::: ! .............. !

• ,,,o,,o,o,+,,o +,o,,,H,,,,,oo

E+(T_.VC_F) TLJI ........... IC6 ..XI "['.\l_l.l:M()\I.: l...x .i¢. •

• :(ISV"A_+II)" _" ," " SEt Lstmt (, : : B;,
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19. CASARC - SHORT ARC PROGRAM

THIS PROGRAM IS A QUICK, SIMPLE METHOD FOR USING

FREE-FLIGHT, HIGH SPEED RADAR DATA TO DETERMINE INERTIAL

POSITION AND VELOCITY VECTORS AND THEIR VARIANCES. THESE

VECTORS CAN BE USED TO COMPUTE A GO, NO-GO RECOMMENDATION

AND OTHER DESIRED OUTPUT INFORMATION DURING THE HOLD

PHASE. INPUT TO CASARC IS .I SECOND DATA FROM IWO RADAR

SOURCES, VERLORT AND FPS-I6. THE PROGRAM IS BASED ON A

TAYLOR SERIES EXPANSION OF AN INERTIAL POSITION VECTOR

AND APPLIES A LEAST-SQUARES CURVE FIT METHOD TO PRODUCE

INERTIAL VECTORS REFLECTING THE SPACECRAFT TRAJECTORY.

CASARC ITSELF IS A CONTROLLING PROGRAM WHICH SETS UP IN-

PUT CONDITIONS, AND TRANSFERS CONTROL TO ITS SUBROUTINES

CALTOI, CAMPSO, CANORM AND CASOLN, WHICH DO THE ACTUAL

MATHEMATICAL PROCESSING. (SEE FLOWCHARTS.)

INPUT

A) TABLES -

TCBDF6

TCBDVE

TCTSAS

TCFOLR

TCVOLR

601 LOCATION FPS-I6 DATA TABLE

601 LOCATION VERLORT DATA TABLE

A ONE LOCATION TABLE CONTAINING THE

INITIALIZATION TIME IN FIXED POINT

•I SECONDS

A ONE LOCATION TABLE CONTAINING THE LO-

CATION OF THE RANGE COORDINATE OF THE

LAST FPS-Ib DATA POINT TO BE PROCESSED

BY CASARC

A ONE LOCATION TABLE CONTAINING THE LO-

CATION OF THE RANGE COORDINATE OF THE

LAST VERLORT DATA POINT TO BE PROCESSED
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B)

BY CASARC

CONSTANTS -

K00000

KO0001

KO0002

K00003

KO01.O

KO02.0

K003.0

K0200

K0300.

KCH206

KCH233

KBFWGT

KBVWGT

KFTOER

DEC 0 FIXED POINT ZERO

DEC I FIXED POINT ONE

DEC 2 FIXED POINT TWO

DEC 3 FIXED POINT

THREE

DEC 1.0 FLOATING POINT

ONE

DEC 2.0 FLOATING POINT

TWO

DEC 3,0 FLOATING POINT

THREE

DEC 200. FLOATING POINT

TWO-HUNDRED

DEC 300. FLOATING POINT

THREE-HUNDRED

OCT 206000000000 OCTAL MASK

OCT 233000000000 OCTAL MASK

DEC 1.0 SQUARE ROOT OF

FPS-16 WEIGHT

DEC .15 SQUARE ROOT OF

VERLORT WEIGHI

DEC .47788340 E-7 I FOOT IN GEMINI

LENGTH UNITS
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C) PARAMETERS -

TCBF6L CONTAINS LOCATION OF FPS-16 DATA

TCBVEL

TCNLOC

L|TCNLOC)

+1

+2

TCSETN

L(TCSETN)

+L

+2

+3

TABLE

CONTAINS LOCATION OF VERLORT DATA

TABLE

A THREE LOCATIUNTABLE CONTAINING

LOCATIONS OF THE NORMAL EQUATION

TABLES AS FOLLOWS -

LOCATION OF TCNORI

LOCATION OF TCNOR2

LOCATION OF TCNOR3

A NINE LOCATION TABLE CONTAINING VA-

RIOUS PARAMETERS USED TO CONTROL THE

USE OF THE NORMAL EQUATION TABLES -

I. DENOTING NORMAL EQUATIUN TABLE

NUMBER ONE

200. FACTOR FOR LAST TIME NORMAL

EQUATIUN TABLE NUMBER ONE IS

TO BE USED IN FLOATING POINT

TENTHS OF SECONDS

50. FACTOR FOR THE SOLUTION TIME

FOR NORMAL EQUATION TABLE NUM-

BER ONE IN FLOATING POINT

TENTHS OF SECONDS

2. DENOTING NORMAL EQUATION TABLE

NUMBER TWO

400. FACTOR FOR LAST TIME NORMAL

EQUATION TABLE NUMBER TWO IS

TO BE USED IN FLOATING POINT

TENTHS OF SECONDS

+4

B5
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+5

÷6

÷7

+8

TMSTCH

LITMSTCH)
÷

÷4

t-5

÷

÷27

150o FACTOR FOR THE SOLUTION TIME

FOR NORMAL EQUATION TABLE NUM-

BER TWO IN FLOATING POINT

TENTHS OF SECONDS

3. DENOTING NORMAL EQUATION TABLE

NUMBER THREE

600• FACTOR FOR LAST TIME NORMAL

EQUATION TABLE NUMBER THREE

IS TO BE USED IN FLOATING

POINT TENTHS OF SECONDS

250. FACTOR FUR THE SOLUTION TIME

FOR NORMAL EQUATION TABLE NUM-

BER THREE IN FLOATING POINT

TENTHS OF SECONDS

A TWENTY-EIGHT LOCATION TABLE CON-

TAINING THE LOCATIONS OF THE FPS-16

AND VERLORT STATION CHARACTERISTICS

TABLES AS SPECIFIED•

LOCATION OF FPS-[6 STATION

CHARACTERISTICS TABLE

LOCATION OF VERLORT STATION

CHARACTERISTICS TABLE
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D)

E)

COMMUNICATION CELLS -

MCSAET ENTRY INDICATORy SET TO ZERO FOR

FIRST ENTRY OR FOR REINITIALIZArION

MCSASO SOLUTION AVAILABLE INDICATORt SET TO

ZERO WHEN NO NEW SOLUTION FROM

CASARC IS AVAILABLE

MCTIME CONTAINS CURRENT TIME IN FLOATING

POINT .I SECUNDS

SUBROUTINES

CAMPSO

CALTOI

CANORM

CASOLN

APPROXIMATE MIDPOINT SOLUTION SUB-

ROUTINE

LOCAL TO INERTIAL COORDINATE CONVER-

SION SUBROUTINE

SUBROUTINE TO FORM NORMAL EQUATIONS

SUBROUTINE TU SOLVE NORMAL EQUATIONS

INTERMEDIARY TABLES

CASARC USES A NUMBER OF CELLS FOR INTERNAL STORAGE

AND CONTROL PURPOSES AND ALSO FOR INPUT TO ITS VARIOUS

SUBROUTINES. THESE TABLES AND THEIR VARIOUS FUNCTIONS

ARE DESCRIBED BELOW -

TCFLAR A ONE LOCATION TABLE CONTAINING THE

LOCATION OF THE RANGE COORDINATE OF

THE LAST FPS-16 POINT PREVIOUSLY

PROCESSED_ SET BY CASARC ON INITIA-

LIZATION

TCVLAR A ONE LOCATION TABLE CONTAINING THE

LOCATION OF THE RANGE COORDINATE OF

THE LAST VERLORT POINT PREVIOUSLY

PROCESSED_ SET BY CASARC ON INITIA-

LIZATION

B?
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TCNORI

TCNOR2

TCNOR3

TWENTY-FIVE LOCATION TABLES USED FOR

NORMAL EQUATIONS It2 AND 3, RESPEC-

TIVELY. THE FIRST THREE LOCATIONS

OF EACH TABLE ARE PARAMETERS CON-

TROLLING HOW LONG THE TABLE SHUULD

BE USED AND WHAT THE SOLUTION TIME

FOR THE ASSOCIATED NORMAL EQUATION

SHOULD BE. THEY ARE INITIALIZED

USING THE CONTENTS OF TABLE TCSETN.

ON SUBSEQUENT PASSES THROUGH CASACR_

THE CONTENTS OF THE LOCATIONS ARE

MODIFIED WHEN REINITIALIZAIION TAKES

PLACE. THE TABLES ARE USED BY

CASARC AS INPUT TO CAMPSO_ CANORM

AND CASOLN. CAMPSO MODIFIES THE

CONTENTS OF LOCATIONS L+3 THROUGH

L÷24. CANORM MODIFIES THE CONTENTS

OF LOCATIONS L÷3 THROUGH L÷?, L÷IO

THROUGH L÷I2, L÷I5 THROUGH L÷I? AND

L÷20 THROUGH L+22. CASOLN DOES NOT

MODIFY THE CONIENTS OF ANY LOCA-

TIONS.
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L{TCNORI_ 2 OR 3)

+1 t I

+2 t
S

+3

SET NO.

+4 ZW.
1

+5 ZW.a. 2
1 1

÷6 ZW.b. 2
1 1

+7 ZW.a.b.
111

+8 x 0

FLOATING POINT I-,

2., OR 3. TO INDI-

CATE THE NUMBER OF

THE NORMAL EQUATION

TABLE

FLOATING POINT .I

SECONDS, GMT TO IN-

DICATE THE LAST

TIME THIS NORMAL

EQUATION TABLE IS

TO BE USED BEFORE

BEING REINITIALIZED

SOLUTION TIME FOR

THE ASSOCIATED NOR-

MAL EQUATIONt

FLUATING POINT °I

SECONDS_ GMT

NUMBER DF OBSERVA-

TIONS, FLOATING

POINT

SUM OF WEIGHTS_

FLOATING POINT

GEMINI UNITS

APPROXIAMTE SOLU-

TIONt GEMINI LENGTH

UNITS
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+9 _0

+ 10 EWiai_ ?

+11 EWibi_ i

2
+ 12 EWi_ i

+13 YO

+14 _0

+ 15 EWiairl?

+ 16 EWibirl i

+17 EW._. 2
1 1 •

+18 z 0

+19 z o

APPROXIMATE SOLU-

TION, GEMINI VELO-

CITY UNIIS

GEMINI UNITS

APPROXIMAIE SOLU-

TION, GEMINI LENGTH

UNITS

APPROXIMATE SOLU-

TIONt GEMINI VELO-

CITY UNITS

GEMINI UNITS

APPROXIMATE SOLU-

TION, GEMINI LENGTH

UNITS

APPROXIMATE SOLU,

TION, GEMINI VELO-

CITY UNITS
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TCLOCN

LITCLOCN)

.t-1

.I-2

+20 _Wiai_ i

+21 Z Wibi_i

e22 Z Wi_i 2

3
+23 r 0

+24 m

GEMINI UNITS

BASED ON APPRUXI-

MATE SOLUTION, GE-

MINI LENGTH UNITS

ZERO IF APPROXIMATE

SOLUTION IS AVAIL-

ABLE, OTHERWISE

NON-ZERO

A THREE LOCATION TABLE INITIALIZED

BY CASARC USING THE CONTENTS OF

TABLE TCNLOC SO THAT IT CONTAINS THE

LOCATIONS OF TABLE TCNORI, TCNOR2

AND TNCOR3, RESPECTIVELY. ON SUBSE-

QUENT PASSES TIJROUGH CASARC, THE

CONTENTS OF THE LOCATIONS ARE PER-

MUTED SO THAT THE FIRST LOCATIONS

ALWAYS CONTAINS THE LOCATION OF THE

TABLE CURRENTLY BEING USED FOR SOLU-

TION -

LOATION OF NORMAL EQUATION TABLE

BEING CURRENTLY USED FOR SOLUTION

LOCATION'OF NORMAL EQUATION TABLE

TO BE USED NEXT

LOCATION OF NORMAL EQUATION TABLE TO

BE USED FINALLY BEFORE MODIFIED CUR-

RENT TABLE IS USED AGAIN
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TCORAE

LITCORAE)

+i

+2

+3

TCOXYZ

L(TCOXYZ)

÷I

+2

+3

+4

+5

TCNPWC

A FOUR LOCATION TABLE FILLED IN BY

CASARC USING DATA FROM TCBDF6 DR

TCBDVE AND USED BY CASARC AS INPUT

TO CALTOI -

ti TIME IN FLOATING POINT Ol SEC-

ONDSt GMI

r. RANGE IN FLOATING POINT GEMINI
I

LENGTH UNITS

a. AZIMUTH IN FLOATING POINT
I

RADIANS

e. ELEVATION IN FLOATING POINT
I

RADIANS

A SiX LOCATION fABLE OUTPUT FROM

CALTOI AND USED BY CASARC AS INPUT

TO CANORM -

t. TIME IN FLOATING POINT .I SEC-
1

ONDSt GMT

X°

1

Yi

Z°

1

POSITION VECTOR IN FLOATING

POINT GEMINI LENGTH UNITS

SQUARE ROOT OF RADAR WEIGHT IN

FLOATING POINT

W. RADAR WEIGHT IN FLOAIING POINT
1

A ONE LOCATION TABLE CONTAINING THE

SUM OF THE NUMBER OF DATA POINTS

USED AND THE WEIGHTS OF THESE

POINTS. THE CONTENTS OF THE TABLE

IS MODIFIED BY CASARC USING THE CON-

TENTS OF LOCATIONS L+3 AND L+4 OF

THE NORMAL EQUATION TABLE CURRENTLY

BEING USED FUR SOLUTION.

92



VOL III REAL TIME PROCESSORSPART I - LAUNCH/ABORT

TCSRVT A THIRTEEN LOCATION TABLE CONTAINING

THE CASARCSOLUTION AND IrS ASSOC-

IATED VARIANCES, USED BY CASARCAS

INPUT TO CAMPSU-

L(TVSRVT) t
e

+I x
e

+2 Ye

+3 z
e

e

+5 Ye

e

+7 o" 2
x

+8 e2
 'Ye

2
+9 (Y

z e

+I0 a. 2
X e

+ll c. 2
Ye

+12

TIME IN FLOATING POINT .I SEC-

ONDS, GMT

POSITION VECTOR IN FLOATING

POINT GEMINI LENGTH UNITS

VELOCITY VECTOR IN FLOATING

POINT GEMINI LENGTH UNITS

POSITION VECTOR VARIANCE IN

FLOATING POINT GEMINI LENGTH

UNITS, SQUARED

VELOCITY VECTOR VARIANCE IN

FLOATING POINT GEMINI VELOCITY

2
(T,
Z
e

UNITS, SQUARED

OUTPUT

THE OUTPUT FROM CASARC IS FOUND IN TABLE TSCRVI,

A THIRTEEN LOCATION TABLE CONTAINING THE TIME OF THE SO-

LUTION AND THE POSITION AND VELOCITY VECTORS AND THEIR

VARIANCES. THIS TABLE IS ALSO USED BY CASARC AS AN IN-

TERMEDIATE TABLE AS INPUT TU CAMPSO. REFER TO THE PRE-

CEDING SECTION FOR A TABLE FORMAT DESCRIPTION, BUT NOTE
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THAT THE SOLUTION TABLE CONTAINS COMPONENTS WITH SUB-

SCRIPTS 'iS'° DENOTING THE ACTUAL SOLUTION OF THE SHORT

ARC PROCESS.

LITCSRVT)

÷1

+2

+3

l

+12

FORMULATION

t
s

x
S

Ys

Z
S

S

THE METHOD IS BASED ON A TAYLOR SERIES EXPANSION OF

AN INERTIAL POSTION VECTOR -

(t - ts)2 (t - ts)3
= + _' (t + r" +-" +rs s - ts) s 2 ro 6 ....

THEN THE SIMPLE CONSTRAINT OF GRAVITY -

r" = -gJ- = -r----
3 3

r r

(IF UNITS ARE CHOSEN PROPERLY SO THAT# = i)

IS USED TO OBTAIN THE SERIES EXPANSION AS A FUNCTION OF

POSITION AND' VELOCITY -

= f(t)_ s + g(t)V s
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WHERE

At 2
f(t) = 1--- +

. , .

2r
S

At 3
g(t) = At-----_ +...

6r
S

NOTE : SEE HERGET,

COMPUTATION OF ORBITS,
PAGES 40-41

At = t-t
S

SINCE TERMS HIGHER THAN THE SECOND DEGREE BECOME IN-

CREASINGLY COMPLEX AND ARE NOT SIGNIFICANT FOR THE LENGTH

OF ARC TO BE USED, THEY ARE NEGLECTED AS ARE OBLATENESS

AND DRAG EFFECTS. THESE SIMPLIFICATIONS DO NOT AFFECT

ACCURACY FOR ARC LENGTHS UP TO A MINUIE OF TIME OR ALTI-

TUDES GREATER THAN 75 NAUTICAL MILES.

THE FORMULAS ABOVE ARE VALID ONLY FOR AN INERTIAL

SYSTEM OR COORDINATES WITH THE EARTH'S MASS AS THE UNIT

OF MASS, ONE EQUATORIAL MEAN RADIUS AS THE UNIT OF

LENGTH, AND WITH THE UNIT OF TIME BEING CHOSEN TO MAKE

THE CONSTANT _ EQUAL TO l- A LOCAL RADAR OBSERVATION

MUSTt THEREFORE, BE PROPERLY TRANSFORMED TO THE INERTIAL

SYSTEM AND UNITS. (SEE CALTOI, SECTION 21) FOR A DERIVA-

TION OF THE LOCAL TO INERTIAL COORDINATE TRANSFORMATION.)

THE VE£TOR EQUATION IS, IN FACT, THREE LINEAR EQUA-

TIONS OF CONDITION FOR EACH RADAR OBSERVATION. IF MORE

THAN ONE RADAR SOURCE IS INVOLVED, THESE EQUATIONS SHOULD

BE WEIGHTED TO TAKE INTO CONSIDERATION THE RELATIVE AC-

CURACY OF THE VARIOUS DATA SOUREES. THE FOLLOWING EQUA-
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TIDNS WEIGHT THE INFORMATION -

+ b. x = xi][ai Xs z s

_-i [ai Ys + bi Ys = Yi ]

'_l[aiz +b. _ =s _ s zi]

WHERE

a i = f(ti)

b i = g(ti)

IN ADDITION TO THE POSITION AND VELOCITY VECTORS T
S

AND _ t THEIR VARIANCES ARE ALSO REQUIRED WITHOUT CON-
s

SULTING THE CONDITION EQUATIONS TO UBTAIN THE RESIDUALS.

IN USING THE FOLLOWING METHOD, ALL SIGNIFICANT DIGITS IN

THE VARIANCE CALCULATION ARE LOST UNLESS AN APPROXIMATE

SOLUTION IS KNOWN AND THE VARIABLE CHANGED TO ADJUST THE

DECIMAL POINT AND RETAIN ACCURACY. AN ESTIMATED SOLUTION

_e' fie AT SOME TIME, te' WILL BE AVAILABLE AFTER THE

FIRST SUCCESSFUL USE OF THE SHORT ARC PROGRAM (BY USING

THE PREVIOUSLY GENERATED SOLUTION). AN APPROXIMATE POSI-

TION SOLUTION,_ O, IS OBTAINED FOR EACH NORMAL EQUATION BY

THE SHORT ARC METHOD ITSELF. THE VELOCITY, T 0 , IS OB-

TAINED BY TAKING THE DERIVATIVE OF THE POSITION EXPRES-

SION WHICH RESULTS IN THE FOLLOWING EQUATIONS -

_0 = (i - _--_ _e + At (i - 6_-_) _
2 ' e

_¢0 = (1-_)_e+ #At(_aAt-1)_ e
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THE EXPRESSION DIFFERENTIATED TO OBTAIN T 0 ACTUALLY CONT-

AINS ONE ADDITIUNAL TERM IN THE r COEFFICIENTt I.E.,
e

r0 (1- #At 2 _h_t3_- At (1 -_At 2= 2 + 2 )re + 6 )Ve

AND_ ARE HELD CONSTANT WHILE PERFORMING THE
e e

DIFFERENTIATION.

WHERE c = e e

2 '
r

e

1
/_ = 3 " to-, At = t e

r
e

MAKING A SUBSTITUTION OF VARIABLES {IN EQUATION SET {I))

x = x0+50S

x : Xo+ o

xi = _i + aix0 + bix0 SIMILARLY FOR y AND z
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THE CONDITION EQUATIONS REDUCE TO THE FOLLOWING -

_-_[ai}o +bi_O = }il

[ai * bi = I

_--T[ai_o + bi_0 = _i ]

THIS PRODUCES THREE SETS OF SIMULTANEOUS EQUATIONS

WITH THE SAME COEFFICIENT MATRIX. TO OBTAIN A LEAST

SQUARES SOLUTION, FIRST MULTIPLY THE MATRIX ARRAY BY ITS

TRANSPOSE TO OBTAIN THE NORMAL EQUATIONS -

EWiai2_0 + Y'Wiaibi _0 = ZW.a.l i _i

XWiaibi_0 + Y_W'b'2'I _0 = ZWibi_i Similarly for _ and I_.

SOLVING BY DETERMINANTSt THE FOLLOWING SOLUTION IS OB-

TAINED -

_0 =

l:Wib"21 ZWiai_i - ZWiaibi Y'Wibi}i

D

_0

EWia'21 r'Wibi_i - EW.a.b.11 i EWiai_i

D
Similarly for _/ and _.

WHERE

D = ZW.a. 2 EW.b. 2 - [Y.Wiaibi ]21 1 1 1

98



VOL III REAL TIME PROCESSORS PART I - LAUNCH/ABORT

FROM STANDARD TEXTS ON STATISTICS, THE STANDARD ERROR OF

i_i_i IS GIVEN BY -

R i = _W-_[ai_ 0 + bi_ 0 - _i ]

AND N = NUMBER OF OBSERVATIONS.

SUBSTITUTING R i IN THE EXPRESSION FOR S_ AND USING THE

NORMAL EQUATIONS FOR SIMPLIFIACTION, THE FOLLOWING EQUA-

TION IS OBTAINED -

S 2 = 1 [ZWi_i 2
i n - 2 - _0EWiai_i - _0 EWibi_i]

WITH SIMILAR EXPRESSIONS FORB 2 AND B 8
_i _i"

USING THE ABOVE NOTATIONS, THE INDIVIDUAL COMPONENTS

2 2
% ,%

S S

DERIVED.

2

, . ETC., WHICH ARE EQUAL 1"0 _;u_0 ,

2
(r_ , ETC., CAN BE
% 0

IF THE ERRORS IN Xi ARE INDEPENDENT OF EACH

OTHER AND HAVE A NORMAL DISTRIBUTION, AND IF THE FUNCTION

2 2
y = _.aixi,THEN cr = Za.e.

YB i xs
RANGED TO OBTAIN -

THE SOLUTION CAN BE REAR-

= 1 I I I .

_0 j D
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HENCE

2

2 = [ZWibi 2] ZWi a'2 + [EWiaibi_ ZW'b'2 - 2ZW.b 2 [ZWiaibi]2
•

1 1 1 1 1

°'_0 D 2

WHICH REDUCES TO

ZW.b. 2 _.W.a. 2
2 2 11 2 2 11 2

= a_ - S and similarly a. - SaXs 0 D _i Xs D _i

WITH SIMILAR EXPRESSIONS FOR y AND z.

THE ACCURACY OF THE SOLUTION DEPENDS UPON THE NUMBER

AND WEIGHT OF THE OBSERVATIONS, THE LENGTH OF ARC USED,

AND THE ACCURACY OF THE OBSERVATIONS.

METHOD

A)

B)

CASARC_ UPON GAINING CONTROL, SETS MCSASO TO

ZERO TO SHOW THAT THERE IS NO NEW SHORT ARC SO-

LUTION YET AVAILABLE THIS ENTRY. NEXT, IT TESTS

MCSAET. IF MCSAET IS ZERO, IT IS ASSUMED THAT

THERE HAVE BEEN NO PERVIOUS ENTRIES TO THE PRO-

GRAM, OR THAT REINITIALIZATION IS TO TAKE PLACE,

I.E., THAT PROCESSING OF OBSERVATIONS IN THE

DATA TABLES IS TO BEGIN AT A LOCATION OTHER THAN

THAT AT WHICH PREVIOUS PROCESSING STOPPED. IF

MCSASO IS NUT ZERU. CONTROL IS TRANSFERRED TO •

NEXT, IT IS NECESSARY TO DETERMINE THE RANGE LO-

CATIONS OF THE FIRST OBSERVATIONS TO BE PROCES-

SED, THIS ENTRY, IN THE DATA TABLES CONTAINING

THE VERLORT AND FPS-16 RADAR COORDINATES (TCBDVE

AND TCBDF6 RESPECTIVELY).
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I) TCFLAR IS TO CONTAIN THE LOCATION OF THE

RANGE COORDINATE OF THE LAST FPS-16 POINT

PREVIOUSLY PROCESSED BY SHORT ARC. THIS IS

ACCOMPLISHED BY TESTING TCBDF6 WHICH CON-

TAINS THE TIME ASSOCIATED WITH THE FIRST

OBSERVATION IN THE FPS-16 DATA TABLE.

2I IF TCBDF6 IS ZERO, IT IS ASSUMED THAT THERE

HAVE BEEN NO POINTS PREVIOUSLY PROCESSED IN

THE FPS-16 TABLE AND ICFLAR IS GIVEN THE

LOCATION OF A CELL PRECEDING THE LOCATION OF

THE DATA TABLE AS FOLLOWS -

TCBF6L

TCFLAR _ LOCATION OF TCBDF6 - 2 _

3) IF TDBDF6 IS NOT ZERO, A TEST IS MADE TO

SEE WHETHER OR NOT PROCESSING IS TO BEGIN

WITH THE FIRST OBSERVATION IN THE TABLE, OR

WITH A SUBSEQUENT OBSERVATION. UPON ENTRY

TO CASARC, TCTSAS CONTAINS THE TIME (GMT} OF

THE FIRST OBSERVATION TO BE PROCESSED. IF

THIS TIME IS LESS THAN OR EQUAL TO THE TIME

IN TCBDF6, ICFLAR IS SET AS IN B) 2. IF

TCTSAS CONTAINS A TIME GREATER THAN THAT

CONTAINED IN TCBDF6, TCFLAR IS SET AS FOL-

LOWS -

ICBF6L
A

TCFLAR = _OCATION OF TCBDF_

+3|TCTSAS - TCBDF6) - 2

4} TCVLAR IS TO CONTAIN THE LOCATION OF THE

RANGE COORDINATE OF THE LAST VERLORT POINT

PREVIOUSLY PROCESSED BY SHORT ARC. THIS IS

ACCOMPLISHED BY TESfING TCBDVE WHICH CON-
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C}

TAINS THE TIME ASSOCIATED WITH THE FIRST OB-

SERVATION IN THE VERLORT DATA TABLE.

5} IF TCBDVE IS ZEROt IT IS ASSUMED THAT THERE

HAVE BEEN NO POINTS PREVIOUSLY PROCESSED IN

THE VERLORT TABLE AND TCVLAR IS GIVEN THE

LOCATION OF A CELL PRECEDING THE LOCATION OF

THE DATA TABLE AS FOLLOWS -

TCBV_EL

TCVLAR = _OCATION OF TCBDVE -

6) IF TCBDVE IS NOT ZERO, A TEST IS MADE TO SEE

WHETHER OR NOT PROCESSING IS TO BEGIN WITH

THE FIRST OBSERVATION IN THE TABLE OR WITH

A SUBSEQUENT OBSERVAIION. IF THE TIME IN

TCTSAS IS LESS THAN OR EQUAL TO THE TIME IN

TCBDVE_ TCVLAR IS SET AS IN 5. IF TCTSAS

CONTAINS A TIME GREATER THAN THAT CONTAINED

IN TCBDVE, TCVLAR IS SET AS FOLLOWS -

TC_BVEL

TCVLAR = _OCATION OF TCBDVE

• 3(TCTSAS-TCBDVE) - 2

NEXT, THREE NORMAL EQUATION TABLES ARE INITIA-

LIZED. CASARC USES 3 SETS OF NORMAL EQUATIONS.

IN THIS WAY_ THERE IS NOT A NEED FOR AS MUCH

REINITIALIZATION AS THERE WOULD BE IF ONLY ONE

TABLE WERE USED_ AND AFTER THERE HAS BEEN ENOUGH

DATA INCORPORATED INTO THE SUMS FOR AN INITIAL

SOLUTION THERE CAN BE A NEW SOLUTION EACH TIME A

NEW POINT IS INCORPORATED. CASARC IS PRESENTLY

SET UP SO THAT AN INITIAL SOLUTION CAN BE MADE

AFTER 7 SECONDS OF DATA HAVE BEEN INCORPORATED.

THEREAFTERt EACH SET OF NORMAL EQUATIONS IS USED

FOR A MAXIMUM OF 60 SECONDS. TABLE TCSETN CON-
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D)

TAINS THE PARAMETERS WHICH CONTROL THIS SCHEME.

WHEN THE NORMAL EQUATION TABLES ARE INITIALIZED,

THE NUMBER OF THE NORMAL EQUATION TABLE, THE

LATEST TIME FOR WHICH THE SET OF NORMAL EQUA-

TIONS IS TO BE USED, AND THE SOLUTION TIME FOR

THE SET OF NORMAL EQUATIONS ARE PUT RESPEC-

TIVELY INTO LOCATIONS ONE, TWO AND THREE OF EACH

NORMAL EQUATION TABLEt TCNURM,M L,2, OR ]. THE

NORMAL EQUATIONS ARE INITIALIZED TO GIVE SOLU-

TIONS AT TIME WHICH ARE DESIGNATED AS TCTSAS 5,

15, AND 25 SECONDS. IT WILL BE FOUND THAT

THEY BY THIS INITIALIZATION, DATA WHICH IS COL-

LECTED OVER THE TIME INTERVAL OF 0-20 SECONDS

AFTER INITIALIZATION THE TCTSAS IS PROCESSED

USING THE FIRST SET OF NORMAL EQUATIONS, AND THE

SOLUTION IS GIVEN A TIME DESIGNATION OF TCTSAS

5 SECONDS. SIMILARLY, DATA COLLECTED OVER D-4D

SECONDS IS DESIGNATED AS ICTSAS Z5 SECONDS AND

THE SECOND SET OF NORMAL EQUATIONS IS USED.

DATA COLLECTED OVER 0-60 SECONDS IS DESIGNATED

AS TCTSAS 2S SECONDS AND THE THIRD SET OF

NORMAL EQUATIONS IS USED.

NEXT, THE SUBROUTJNE CAMPSO IS ENTERED TO GET AN

APPROXIMATE SOLUTION FOR EACH SET OF NORMAL

EQUATIONS. THE APPROXIMATE SOLUTION IS MADE AT

THE SOLUTION TIME SPECIFIED FOR THE PARTICULAR

NORMAL EQUATION. THREE ENTRIES ARE MADE TO THE

PROGRAM. ON THE FIRST ENTRY, THE SIGN ASSOCI-

ATED WITH THE SECOND LOCATION OF THE CALLING

SEQUENCE IS POSITIVE, AND UPON THE TWO SUBSE-

QUENT ENTRIES, IT IS NEGATIVE. MCSAET IS SET

NON-ZERO.
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E) A TEST IS MADE TO SEE IF THE LATEST TIME THAT

NORMAL EQUATION TABLE NUMBER I IS TO BE USED IS

GREATER THAN OR EQUAL TO CURRENT TIME, MCTIME.

IF IT IS, THE NORMAL EQUATIONS NEED NOT BE RE[-

NITIALIZED AND CONTROL IS TRANSFERRED TO F). IF

IT IS NOTt THE NORMAL EQUATIONS ARE REINITIA-

LIZED AS FOLLOWS. THE LAST TIME FOR WHICH NOR-

MAL EQUATION TABLE NUMBER I IS TO BE USED IS UP-

DATED 60 SECONDS. THE SOLUTION TIME FOR NORMAL

EQUATION TABLE NUMBER I IS UPDATED TO THIRTY

SECONDS BEFORE THE LAST TIME THAT THE TABLE IS

TO BE USED. THE TABLES ARE PERMUTED SO THAT

TABLE NUMBER ONE BECOMES TABLE NUMBER THREE.

TABLE NUMBER THREE BECOMES TABLE NUMBER TWO AND

TABLE NUMBER TWO BECOMES TABLE NUMBER ONE.

CAMPSO IS THEN ENTERED TO GET A NEW APPROXIMATE

SOLUTION AT THE NEW SOLUTION TIME FOR THE NORMAL

EQUATION THREE AND TO SET THE SUM CELLS TO ZERO.

CONTROL IS THEN PASSED TO F.

F) ALL FPS-I6 OBSERVATION ARE PROCESSED FIRST, AND

THEN ALL VERLORT, EACH WITH APPROPRIATE WEIGHT-

ING FACTORS. THE PARAMETERS FOR FPS-16 DATA ARE

INITIALIZED AS FOLLOWS. THE LOCATION OF THE

FPS-£6 STATION CHARACTERISTICS TABLE IS PICKED

UP FROM THE TMSTCH TABLE AND STORED FOR USE IN

CALTOIt THE LOCAL TO INERTIAL COORDINATE TRANS-

FORMATION PROGRAM. THE FPS-16 WEIGHTt KBFWGT IS

PICKED UP AND STORED. ALSO, TCBDF6, TCFOLR AND

TCFLAR ARE STORED FOR USE IN G.

G) A TEST IS MADE TO SEE WHETHER THERE IS ANOTHER

POINT TO BE PROCESSED, I.E., IF TCFOLR-3 IS LESS
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THAN TCFLAR, OR IF TCVOLR-3 IS LESS THAN TCVLAR_

DEPENDING ON WHETHER FPS-I6 OR VERLORT DATA IS

BEING PROCESSED. IF THERE IS NO MORE FPS-16

DATA TO BE PROCESSED THIS ENTRY, VERLORT PARAME-

TERS ARE PICKED UP AND CONTROL IS PASSED BACK TO

F. IF PROCESSING HAS BEEN COMPLETED ON BOTH

VERLORT AND FPS-16_ CONTROL IS PASSED TO I.

H) EITHER TCFOLR OR TCVOLR IS SET TO THE LOCATION

OF THE RANGE COORDINATE OF THE POINT PRESENTLY

BEING PROCESSED. RANGE, AZIMUTH AND ELEVATION

COORDINATES OF THE OBSERVATION BEING PROCESSED

ARE TESTED. IF ANY ONE OF THEM IS NEGATIVE, IT

IS IMPLIED THAT THERE IS MISSING DATA, AND CON-

TROL IS PASSED TO G. IF ALL COORDINATES ARE PO-

SITIVE, THEY ARE CONVERTED TO FLOATING POINT AND

PLACED IN TABLE TCORAE FOR USE AS INPUT TO

CALTOI. THE RANGE IS CONVERTED TO GEMINI LENGTH

UNITS. CALTOI IS ENTERED TO CONVERT THE LOCAL

COORDINATES CONTAINED IN TCORAE TO INERTIAL CO-

ORDINATES WHICH ARE STORED IN TCOXYZ. THREE

ENTRIES TO CANORM ARE MADE TO ADD THE OBSERVA-

TION TO THE THREE SETS OF NORMAL EQUATIONS. THE

SIGN ASSOCIATED WITH THE SECOND LOCATION OF THE

CALLING SEQUENCE IS POSITIVE ON THE FIRST ENTRY

AND NEGATIVE ON THE TWO SUBSEQUENT ENTRIES.

CONTROL IS PASSED TO I.

I) TCSNPW, CONTAINING n + W (THE SUM OF THE NUMBER

OF OBSERVATIONS PLUS THE SUM OF THE WEIGHTS OF

THESE OBSERVATIONS}_ IS SET USING THE PARAME-

TERS SUPPLIED IN THE NORMAL EQUATION TABLE COR-
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RECTLY BEING USED. A TEST IS MADE TO SEE IF THE

SUM OF n + W IS GREATER IHAN 200. THIS PARAME-

TER IS CHOSEN IN ACCORDANCE WITH OTHER PARAME-

TERS AS DESCRIBED IN C, SO THAT THERE WILL BE A

SOLUTION MADE WHEN 20 SECONDS WORTH OF PURE

VERLORT DATA HAS BEEN INCORPORATED INTO THE NOR-

MAL EQUATIONS (ASSUMING THAT THE FPS-16 RADAR

TABLE IS MISSING DATA) OR WHEN ? SECONDS WORTH

OF FPS-16 AND VERLORT DATA HAVE BEEN INCORPO-

RATED. (FPS-16 DATA IS WEIGHTED MORE HEAVILY

THAN VERLORT.)

USAGE

A)

B)

C)

THE PROGRAM IS ENTERED BY TRANSFERRING TO CASARC

AND ITS EXITS TO ITS SUFFIX MFSARC. NO INDEX

REGISTERS ARE SAVED OR RESTORED.

STORAGE REQUIREMENTS -

l?B DECIMAL LOCATIONS

TIMING -

163 MILLISECONDS (MAXIMUM)
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•**HtQoall..l.

ENTER

• CASABC *

• SET INDICATOR•
• TO ZERO TO •
• SHOW NO SOL'N•
• AVAILABLE •
meoelt•eomo••le

• *YES...... ,No *'RIC.'UP'AN_'*
.*** • • • • • • • • *•** • STORE •

eBOQX IS LESS eX CZ• iCO•x WAS IT FPS-lb • ........ eO)e..RmCONPONENTS DEe
• • • THAN 3 • * • . • • • .• • • NEXT DATA •

• • • *me •* *• • POINT •
• . . .H•••*.**•*•.•

• _o ;ES

• •et ••e•e••eQei •
• SET INDICATOR• _eeee**••*••••_ ••e • eYES

• NON-ZERO TO • _SET UP TO USE•.••X• • Bg•• " • _ONPO',#ENTISANY •X O)•

SHOW _ • • • NE_RTIVE • • •• INIT|ALI- • VERLORT ORTA•

• ZATION DONE * _•*ime*•••i•*•e •
•*•eeeeeeeelee•

_o

• * • • •*•m•*•••*•l•*•
• •YES ! • * eYES *• * • •**

• • * MAY WE USE NE * • * • * * • -
INITIALI- • ............ x I TO OBTAIN • ........ *CZ*..X- i+I l_r_ i *...x R8•

• ZATION DONE * • SOLUTION * o• • • _ *.••" -

:**-_(_*_**: :.............:
• INITIALIZA • • REINITIALIZE•

• TION TIME, Q • NURMAL •

• DETERMINE • • EQUATIONS •
• LOCATION • • TABLES •

• OF [ST FPS-}6• *UPDATE LAST T•
• POINT AND ISTe • NE l USED DY•
eVERLORT POINT• • 60 SEC. •

• TO BE USED • _*m••*••***••••

FLOAT * SET SOL I NE•INITIALIZA _ • I TO 30 SECo •

• TION TIME * •BEFORE LAST T*
• • • USED •

: ............. : : TABLE 2 NOW :

: INITIALIZE:
_i TABLE3.

NORMAL

• EQUATIONS • N 2. TABLE"
NOW 3. •

I INTO i •

• ••* =• ---CANPSO--- *
• AB•X SET SUN CELLS ••

TO ZERO AND •
• eel *• GET AN •

* ---CAMPSO---
• SET SUN CELLS ••

* O- APPBOX _OL •• FOR NE •

_X .................

•llleleoe•••l*!

• SET UP TO USE_

• FPS-I6 DATA •

---CAMPSO--- m •e*•• •''• • _AS LAST DATA •
• APPROXIMATE eX 80 i •B9*X FUR THIS BEEN •_( O0_

• SOLUTION FOR • • * • • • USED * • •
N.E* i • ••. •* •*•

• * _ES ,**'*

.......... X* CO•
e

PICK UP TIME*
ASS3_IATEJ •
WlrH POINT •

• • ---EALTUI--- "•
* CONVE_T R, A, *

• e TO x, y, z •

• (*) INTO H, i:
• INTO •

• e •*••••***•••*•'•
.• • • ---CRN3RW--- ••

.•OS•x ADD PO]NT ID •

.* • • NE i •

• *NO *°•

• • IS LESS • *_Bg

THAN 3 •

_ES

: i-iiNTO.,:...ios:
• i+L INTO i • • •

.'.,, .......... ,* -.,

• " " " ..o :.............:
• ENOUGH DRTR * **•• •SET INDICATOR•

USED TD MARE • ....... ID8••.R• NON-ZERO ID •

• SOLUTION * • * eSHOW SOLUTION•

• YES

E
H••e••*m****••

•• •
____,ASOLN___ t'me•

SAVE NE I F_R •IX OB•

• t ,I" V AND • • •
• VAR _ ANC', [ S • •••

• • • AVAILABLE •

............... R:

i EXIT
TO NFSARC
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*****t***e*****

ENTER •

• CASARC •

****•******•***

.... :.............:
• CS*..X* I INTO i

*HOH•.tHIHt

• 0 INTO S •

•- :"CN};;_;)'":
• • • INTO L, (i - I) *

:c_:..x: _,NTO :
• * * TCNOHi •

• *N_ :....
• DOES F=O *X AO *

• *109-

_ES

:'";I_;_;¢'":
TCNOIIi * ] •

• tsi INTO

• 'rCNOIil _ 2 *

• *YES

• tf _ O • ........

• NO

;

• * • eYES

if- T O LT0 • .......................

:L(ti)- 2 INTO Lf:

oeeeoeeeeeeeow:

_3(T o - tf)¢ I,(tf) - 2_

INTOL[

.X ...............................

i

*YES

• t v ; 0 • ........

o

• eVES

• tv ° TO LTO . * .......................

• . i •

NO

• Lit ) - 2 INTO L •
• v v•

;
*H*H*•I*OH*•

• *H

• FIA)AT T 0 :•.,_ CO:

• *H••O•*••H•_ **•

• 3(rED - iV) ¢

L(tv) 2 INTOI.v_

HtHI*I•HHH

iLT3

;,u

.,Es :.............: ...
............... X, i' I INTOi :...; CL:

: ............. i ""

• IINTO i

**•°°••••.•***•

.". :c[_,(,-,]:
aCSI--XIIN'FO CALL SEQ •

• ••• _ FOR CAMP_) •

I

I INITIALIZE _ITM_

:i ....i:A O  ,:TANA' "ROX• St! SOMS •

E0UAL IO It_[l SOIAJTION BASED ON

A_O GI I AN THE INITIAl, ENTRY

---LARPSO--- :
• APPROXIMAI_ •

$OLUIIUN

*IHHIH*•••II

iGT3 ............... x* i + I INTO i :.--; _:

I : iil

II!tlt111111111

• SET F / 0 l...x AJ •

I••I.HII•eIH*



• 2

:**. , " LAST T TO *N8

• AO - USE TCNORI

:,," " * t 1 LT tp • "

_ES

X
i_•Hio•Hot,•l

tl3 + 200 INTO

; tli - 3OO INTO •

:..... :::..... i

3

:Z INTO [CNOR_:

:_ INTO TCNO"2-INTO TCNORlm

¥OL Ill REAL TIME PROCESSORS PART I - LAUnCH/ABORT

.-.. _"_;_'::;_;"i
• ........ tB0•..x• (LAST PREV. •

"••)" : RANGE USED) :

,,•lle,,,*,•••,

L(Ff) INTO Li (LASTRANOEi..........................
* TO BE USED •

" _IS ENTR.Y_ •

_•,,,,m,m*m.m*_

:i=BINTO,:

tll = tli FOR

WHICH i = C(TCNORM)

WHERE M = I. 2, 3, ETC.

" L(TCNORI) "
• INTO L+2
• LITCNOR2] •
• INTO L, AND •

i LITCNOR')i
INTO L+[

• LITCNOR)) *

_ INTO CALLING*SEOUENCE FORe
CAMPSO •

t**.•,e•lo•ll,m

•**•,mm•***•,*•.

• ---CAMPSO---SET SUMS TO •

O. GET APPROX
• TCNOR3 SOL* •

_X .................

×

: LIFPS-|6 $TA:

• CHAR. TASLE)e

INTO *

l•_,J,tm.o.lt•l

tlSTA CHAR. !
TABLE)

,•*,•,*,mmm,,•,

• L(FPS-16 HT)e •••

: INTO L|WT)L,TOBOE6I:...;Eo:
: INTO LIOATA : • •TABLE} _1.

3 RE[NITIALIZE

NORMAL E_UA.
TABLES-Z

BECOMES l,

3 BECOMES _,MOOIFIED
BECOMES 3

CASXI * * •

:'*, . "LAST PT THIs'N_ :***,

•c,• ENTR_,SE_ "L_'"
_•.• " , F i - L LT 3 • "

• • _E$

i

• • eYES ,* LI_ERLORT "•:
• • • STA _HAR. •

• WAS II FPS-IS • .............. x• TABLEI INTB •
• • LISTA CHAR. •

i = O l TABLE) •

! tillll##lillitt

• _u

.... • ......... o'_X" W
: L(TCNOR|) :i_ +_ I

• INT0 CAMPS0 • INTO

• CALLIN3 SE_.m_a:.............:_ +wi

•t•m••****,*,m,

• LIVERLORT WT)•
• INTO L(WII •

• LITCBOVE) •

• INTO LIDATA •

• TASL) *

•" "..s :"d_;;C{_'_":
• _" _W LT 200 [ .......... (LAST PREV. •

• ._en_ i • RANGEUSED) :

. ••••*•,e••.••*•

CASXT

• SOLVE NORM *

• • EQ FOR ts,_s,V s *

• AND VARIANCES •

• I INT_ S

°

:X .................

R
•••m••,*•••m•••

i E_,, :
TO NFBDAS

: L(F ) INTO L :

.* (LAST RANGE •
•USED THIS ENTR_

CASll

• v { 0 i INTO i :...l C}:
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... : ............. :

i,o: x!L,.3 L,:
•-. : ............. •

*e** _ 1 INTO I •

*C_,..X- •

• • • (+)INTO H

-. : ............. :

• * CASII

• eYES• _-** e

• r. LT 0 *X C3 •
• z * *109.

NO

• * ** _ L(TCNORi)

• CI*..X*INTO CALL SEQ *

• *** _ FOR CANORM

*H*H*HH**H

FLOAT R i,

CONV TO

• G.L.U. *

*CANORM ADD INIT*

,_ OBSTEsTTO NORMra IFEQ'I _.

• CASII

*YES ****

• aiLT0 *_ C3".
*109.

• CASIL

• i LT 3 *X C3 *
• *109.

_ES

• FLOAT a i

• I e 1 INTO i • •

(-) INTO H •

• * • CASII

• *YES _•••.

eiLTO *X C] *
• •I09"

• •H*

_0

"......... '7-:

• FLOAT e i

t = ti +

: L_-_-_ *',
"......A ....."

• CALTOI • e*o

CONV. ri, ai, e t •x CO**

o. TO xl, yi, zi • *••

**mittea•*****•
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20. CAMPSO - APPROXIMATE MIDPOINT SOLUTION SUBROUTINE

GIVEN THE BEST AVAILABLE SOLUTION tePre,Ve, THIS

PROGRAM IS USED TO COMPUTE AN APPROXIMATE MIDPOINT SOLU-

TIONtto,_ntTO___ WHICH IS USED TO MAKE A CHANGE IN VARI-
3

ABLE AND TO CALCULATE r0 . IT IS A SUBROUTINE OF THE

GENERAL SHORT ARC PROGRAM_ CASARC. (SEE FLOWCHART.)

INPUT

A) CONSTANTS -

KOOL.O DEC I.O FLOATING POINT ONE

KO01.5 DEC 1.5 FLOATING POINT

THREE-HALVES

KO02.0 DEC 2o0 FLOATING POINT TWO

KO06.0 DEC 6.0 FLOATING POINT SIX

KTS.TU DEC .12394Lt36E-3 ONE TENTH OF A

SECOND IN GEMINI

TIME UNITS

B} SUBROUTINES -

UIS(QRT FLOATING PdINT SQUARE ROOT ROUTINE

C) TABLES -*

TCNORM A TWENTY-FOUR LOCATION TABLE CON-

TAINING THE PARAMETERS AND SUMS FOR

NORMAL EQUATION My M=It2t OR 3

TCSRVT A THIRTEEN-LOCATION TABLE CONTAINING

THE BEST AVAILABLE SOLUTION,t e _'re _

V t AND THE LAST CALCULATED VARI-
e
ANCES.

IF NO SOLUTION IS AVAILABLE_ THE

TIME SHOULD BE SET TO ZERO.

*SEE CASARC FOR TABLE FORMAT DESCRIPTIONS.
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OUTPUT

THE OUTPUT FROM CAMPSO WILL BE FOUND IN TABLE TCNORM

AS DESCRIBED IN CASARC.

METHOD

WHEN CAMPSO IS GIVEN CONTROL, IT PICKS UP THE LOCA-

TION OF THE NORMAL EQUATION TABLE TO BE USED AND SETS THE

CONTENTS OF LOCATIONS FOUR THROUGH TWENTY-FIVE EQUAL TO

ZERO. IT THEN TESTS TO SEE IF THERE IS A SOLUTION AVAIL-

ABLE. THIS IS DETERMINED BY TESTING THE TIME ASSOCIATED

WITH THE INPUT VECTORS IN TCSRVT. IF te IS ZERO, IT IS

ASSUMED THAT THERE IS NO SOLUTION AVAILABLE, I.E., THAT

_'eANDV e ARE MISSING AND IT SETS m (THE TWENTY-FOURTH

LOCATION OF THE NORMAL EQUATION TABLE BEING USED) TO ONE

AND CONTROL IS RETURNED TO THE CALLING PROGRAM. IN A
3

SUBSEQUENT PROGRAM (CANORM) m=1 INDICATES THAT r0 , BASED

ON THE APPRCXIMATE SOLUTION, IS NOT AVAILABLE AND THAT IT
3

WILL BE NECESSARY TO COMPUTE AND USE r IN ITS PLACE.
1

IT ALSO MEANS THAT THE VARIANCES CALCULATED IN CASOLN ARE

USELESS SINCE ALL SIGNIFICANT DIGITS WILL BE LOST.

IF THERE IS A SOLUTION AVAILABLE, I.E., IF to IS NOT

ZERO, THE LOCATION OF THE NORMAL EQUATION TABLE IS PICKED

UP AGAIN, AND THE LOCATION OF THE BEST AVAILABLE SOLUTION

(TCSRVT) IS DETERMINED. NEXT, A TEST IS MADE ON THE SIGN

OF H (SECOND LOCATION OF THE CALLING SEQUENCE) TO DETER-

MINE WHETHER OR NOT THE SOLUTION IN TCSRVT IS THE SAME AS

THAT USED IN THE LAST PREVIOUS ENTRY TO CAMPSO. IN THIS

CASE, CERTAIN QUANTITIES NEED NOT BE RECOMPUTED. INI-

TIALLY, CASARC IS CONCERNED WITH APPROXIMATE SOLUTIONS

FOR ALL THREE SETS OF NORMAL EQUATIONS FROM THE SAME IN-

PUT VECTORS. SOME OF THE COMPUTATICNS ARE THE SAME RE-
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GARDLESS OF WHICH NORMAL EQUATION IS BEING PROCESSED. TO

AVOID DUPLICATION,# ANDc ARE COMPUTED ONLY UPON THE FIRST

ENTRY WHEN H IS SET POSITIVE (÷). THIS PORTION OF IHE

PROGRAM IS BYPASSED ON SUBSEQUENT ENTRIES BY SETTING THE

SIGN OF H TO NEGATIVE (-).

ONCE _ AND a HAVE BEEN COMPUTED, THE PROGRAM COM-

PUTES COEFFICIENTS FOR THE INPUT VECTORS _ AND V AS A
e e

FUNCTION OF TIME. THEN, BY ITERAIING THREE TIMES_ THE

INDIVIDUAL COMPONENTS OF _0 AND V 0 ARE CALCULATED. FROM
3

THE COMPONENTS OFT O , THE VALUE OF r0 IS COMPUTED AND

WILL BE USED LATER IN CANORM IN FORMING THE NORMAL EQUA-

TIONS. EXIT IS THEN MADE TO THE CALLING PROGRAM.

THE FOLLOWING EQUATIONS ARE USED IN COMPUTING THE

APPROXIMATE MIDPOINT SOLUTION -

_o(t) = (1- 1 2 1 2_#At) re + At(1 - _#At ) 9e

3 1 2 -
To(t ) = -#&t(1 - _At) re + (1 - _izAt ) v e

WHERE

1

e

e e
O" =

rg
e

WHERE

At = t -t
S e

AND ts IS THE SOLUTION TIME FOR THE

NORMAL EQUATION TABLE BEING USED.
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USAGE

A) CALLING SEQUENCE -

TSX CAMPSOt4

H LITCNORM)

PZE LITCSRVT)

RETURN

B) STORAGE REQUIRED -

I09 DECIMAL LOCATIONS

C) TIMING -

2.4X4 MILLISECONDS

M = 1,2, OR 3
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*.•••..**•*•io*

: ENTER

**•eimiiIltiliJ

.. *•* .. ........ .
:Co:..x:ri_-r_e2 :

Q• • R re •

*H.e**wlol*w*l

• * • COMPUTE •

;.: * 2 2 *
•D%..X:% _x° +yo_2+i

• * • z• I

2'S •
* COMPLEPENT *

; UTCNORMI:
INT0 XRI

!1t11111 ! III!11

:re %-xJe*:
_YeYe +ZeZ e *

•H•*••*••*****

• •UISQRT COMP. ••

*•r o = r._o 2 **

: 22 INTO XR2 :

: ............. •

r e • v e *

• r e •

r03 = ror02

• '''..X'C_XRq_ t XM,O*".." ;
II#llllil#lllll

.'*• : _,t = K (ts-te} :

• :..Ro
*H,••••.•**.••

.°*. _ .... _ ........ _

*O3*..X: RESTORE XR4 :

*YES _ ***" .... ***: ...

CIXRZ) • • * •GREATER THAN • .............. X_CIRR2)-I INTO-...X A3*
• XR2

_et
• H**te*o •••_

•*_O

_t 2

.****,********* *** *** ..... ***
@YES e _

_*• 3 2
• C = _gaA t -gAt

t e = 0 * * .............. X: I INTO m :..*i 03:

• _ ........... _ ,_. A=
_o

EXIT •

• TO 3,k *

:INTO XRI • INTO XR2

• 3 INTO XR6 •

• •YES •*_

H LESS THAN 0 *_ C3"

x

• COMPUTE

• re = Xe Ye Ze

e•*• :Xo:A Xe*B £e£0 :

:cr:"x:=A_jcxe.. . :

• CIXRI]-I [NTOe

: XR| CIXR2)-S.
INTO XR2 •

e• UlsQRT COMP. •..****

• r _ •X CO*
. e- e
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21. CALTOI - LOCAL TO INERTIAL COORDINATE CONVERSION

SUBROUTINE

THIS PROGRAM IS USED TO CONVERT A LOCAL RADAR OB-

SERVATICN ti,ri, ai,ANI) ei INTO AN INERTIAL OBSERVATION

ti,xi,Yi, Zi. IT IS A SUBROUTINE OF THE GENERAL SHORT

ARC PROGRAM, CASARC. (SEE FLOWCHART.)

INPUT

A) CONSTANTS -

K.OMTS

KLAMDO

B) SUBROUTINES -

UISICO

C) TABUS --

TCORAE

TMCHAR

INTERMEDIARY TABLES

TCOXYZ

DEC .72921151E-5 ROTATION OF THE

EARTH IN RADIANS

PER TENTH OF A

SECOND

INERTIAL LONGITUDE

OF GREENWICH AT

MIDNIGHT PRECEDING

LAUNCH

FLOATING POINT SINE - COSINE ROUTINE

INPUT TABLE FOR CALTOI CONTAINING

LOCAL RADAR ti, Ti, ai, e i

STATION CHARACTERISTICS TABLE

A SIX-LOCATION TABLE INPUT TO CALTOI

BY CASARC AND USED FOR OUTPUT BY

CALTOI. UPON ENTRY TO CALTOI,

TCOXYZ £ONTAINS'V_ IN LOCATION L÷4.

IHIS QUANTITY IS USED BY CALTOI TO

COMPUTE W i-
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OUTPUT

THE OUTPUT ti,xi, Yi, Zi FROM CALTOI IS STORED IN

TABLE TCOXYZ IN LOCATIONS L THROUGH L÷3 AND IN LOCATION

L+5.

SEE CASARC PROGRAM WRITEUP FOR FORMAT DESCRIPTION OF

TCORAE AND TCOXYZ. SEE CLSTOI PROGRAM WRITEUP FOR FORMAT

DESCRIPTION OF TMCHAR.

METHOD

UPON GAINING CONTROL FROM THE CALLING PROGRAM,

CALTOI PICKS UP THE LOCATIONS DF THE INPUT AND OUTPUT

TABLES. LOCAL xi, Yi, Zi COORDINATES ARE CALCULATED

USING THE FOLLOWING EQUATIONS -

x."= r. cos e. sin a.
1 1 1 1

TT--

Yi - ric°s e icos a i

z."= r. sin e.
1 1 1

THE LOCATION OF THE STATION CHARACTERISTICS TABLE

IS PICKED UP AND THE LOCAL COORDINATES ARE TRANSLATED TO

THE CENTER EF THE EARTH USING

X. T _ X. I!

1 1

yi T • -= YI" RE sin (_)'- _b')

Z?I = Z)t+l RE cos (¢ - ¢')+ H

WHERE

¢ = GEODETIC LATITUDE OF THE STATION

¢'= GEOCENTRIC LATITUDE OF THE STATION

RE= RADIUS OF THE GEMINI SPHEROID AT GEOCENTRIC

LATITUDE ¢'
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WHERE

_o

H = HEIGHT OF THE STATION ABOVE THE GEMINI SPHEROID

THE LONGITUDINAL ROIATION IS THEN CALCULATED AS -

= _ +XST A+wt.
O I

= INERTIAL LONGITUDE OF GREENWICH AT MIDNIGHT PRE-

CEDING LAUNCH (KLAMDO)

XSTA = LONGITUDE OF THE STATION

w = SIDERICAL ROTATION OF THE EARTH IN RADIANSI.I

SECOND [K.OMTS)

t. = GMT OF THE OBSERVATION
1

FOR A COMPLETE FORMULATION OF LOCAL TO INERTIAL COOR-

DINATE CONVERSION, REFER TO PROGRAM CLSTOI DESCRIPTI_.

CALTOI CONVERTS ONLY ONE POINT PER ENTRY. TIME IS INPUT

IN FLOATING POINT TENTHS OF SECONDS, RANGE COORDINATES

ARE INPUT IN FLOATING POINT GEMINI UNITS AND AZIMUTH AND

ELEVATION ARE INPUT IN FLOATING POINT RADIANS SO THEY

NEEC NOT BE CONVERTED BY CALIOI.

FINALLY, THE AXES ARE ALIGNED WITH THE INERTIAL

AXES USING THE FCLLOWING ROTATIONS -

or

or

= R z(-X-90 ° )R x(@- 90 ° )_'

i x i

Yi

Z.
1

-sinX -cos X 0

cos k -sin k 0

0 0 1

1 0

0 sin 0 -cos 0

0 cos 0 sin 0

-= x.' sin _, + cos X (z' cos _- Yi' sin @)xi 1

Yi = x icosX+ sinX(z' cos _b-Yi'Sm" _b)

__ t Z.Tzi Yi cos _ + sin1

lib

X;'!
J

Yi'i

Z '.i]
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EXIT IS MADE TO THE CALLING PROGRAM.

USAGE

A)

TSX

PZE

PZE

TZE

RETURN

CALLING SEQUENCE -

CALTOIt4

L(INPUT TABLE)

L(OUTPUT TABLE)

L(STATION CHARACTERISTICS TABLE)

B) STORAGE REQUIRED - LOCATIONS

C) TIMING - 2.4 MILLISECONDS

].].9
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ENTEr _ *C0*,-X * Zl=y ! COS_ •

• ._._:_ ...... ".." : ÷_C _N
****.***....H:

C_&TOI

• 2'5 0MPL. •
• LIINPU_I INTO* yi _ x I' _N _+ SIN

• XRI AND *

• LIDUTPUT) * (zltCOS _ -YI'SIN@)
• INTO XR2 *

• e*H.**HeHH*

HtHJ* ***HHm **HieHt_HH*

SIN e I , (z I' COS _-yt r SI_ _)

: e_srs "l : : ............. :

_lJ*Q=lm_tttt*_ I*m*****e******

: YI .... COS . : EXIT :

• TO 4,_ *
• e I COS s i • _..m.t***H****
H**HeH*HH*

X

1 2'S CONPL- !LIS|A CHARI

INTO XRI

• COMPUTE

x I' = xi" *

yi '= yl '+- R e •

• SIN (_- _') *

: ........ •.... :
z t' = z i +

ire COS (dp-q J,), Hi

:'"ciT_ _T_'F_?'": ...

*,HHH*H**H
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22. CANORM - SUBROUTINE TO FORM NORMAL EQUATIONS

THIS PROGRAM IS USED TO FORM NORMAL EQUATIONS BASED

ON INERTIAL ti,xi, Yi, Zi OBSERVATIONS WEIGHTED ACCORDING

TO RADAR RELIABILITY FOR USE IN THE GENERAL SHORT ARC

PROGRAM, CASARC. (SEE FLOWCHART.)

INPUT

A)

B)

C)

CONSTANTS -

KOCl.O DEC I.O

KOG2.O DEC 2.0

KOu6.0 DEC 6.0

KTS.TU

TABLES -

DEC. 12396636E-3

FLOATING POINT ONE

FLOATING POINT TWO

FLOATING POINT

THREE

ONE-TENTH OF A

SECOND IN GEMINI

TIME UNITS

(SEE CASARC FOR TABLE FORMAT DESCRIPTION)

TCNORM A TWENTY-FOUR LOCATION TABLE CON-

TAINING THE PARAMETERS AND SUMS FOR

NORMAL EQUATION M,M=I, 2 OR 3

TCCXYZ TABLE CONTAINING .----INERTIALti,xi, Yi, Z.I

OBSERVATION AND _Wi,W i TO BE ADDED

TO THE CONDITICN EQUATION

SUBROUTINE -

UISQRT FLOATING POINT SQUARE ROOT ROUTINE

OUTPUT

THE OUTPUT FROM CANORM IS STORED IN TABLE TCNORM AS

DESCRIBED IN CASARC.
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METHOD

WHEN CONTROL IS TRANSFERRED TO CANORMt THE LOCATION

OF THE NORMAL EQUATION TABLE BEING USED, AND THE LOCATION

OF T_E OBSERVATION BEING ADDED TO THE NORMAL EQUATION

SUMS ARE PICKED UP. A TEST IS MADE [0 DETERMINE WHETHER

OR NOT mtTHE TWENTY-FOURTH LOCATION OF THE NORMAL EQUA-

TION TABLE, IS ZERO. IF P IS ZERO, THE QUANTITY rO_ WHICH

IS TO BE USED IN THE COMPUTATIONS IN CANORM, HAS ALREADY

BEEN COMPUTED BASED ON THE APPROXIMATE SOLUTION FOUND BY

CAMPSO. IF m_O,r_,BASED ON THE OBSERVATION BEING ADDED.

MUST BE COMPUTED AND USED INSTEAD.

THE CONDITION EQUATION COEFFICIENTS ARE THEN CALCU-

LATED AS FOLLOWS -

a. = 1--_t 2
1

2r 3

WHERE
_t=t.-t

I S

t IS THE SOLUTION TIME FOR THE NORMAL EUQATION
S

TABLE BEING USED

= 3 OR R3 3R 3 r4 =r n DEPENDING ON WHETHER m IS ZERO OR
V

NON-ZERO.
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NEXT, IHE CALCULATIONS WHICH ARE INDEPENDENT OF THE

OBSERVATION ARE MADE -

n=n+l

w._.__-_w._._+w.a_.
_.j 1 1 1 1 1 1

_._--_w._._w._._Wi 1 t 1 1 1

_ W.a.b.=_W.a.b.+W.a.b.I I I I 1 I I I I

A CHANGE OF VARIABLES IS INTRODUCED BEFORE THE TERMS

INVOLVING THE INEIVIDUAL COMPONENTS OF THE OBSERVATION

ARE COMPUTED - _ i =x'1-a'Ix0"bix0
THEN

_W.a. _ =W.a. _ +_W.a._1 1 i 1 1 i 1 1 i

_Wibi _i =W.b _ +_ W.b. _1 i i 11 i

_ 2 = Wi _ 2 _+ _ 2Wi i i Wi i

SIMILARLY FOR _ AND

CONTROL IS TRANSFERED BACK TO THE CALLING PROGRAM.

USAGE

CAMPSO IS ENTERED THREE TIMES FOR EACH OBSERVATION

BEING INCORPORATED INTO THE SOLUTION IN ORDER TO UPDATE

EACH NORMAL EQUATION TABLE. ON THE FIRST ENTRYt H SHOULD

BE SET POSITIVE AND IT SHOULD BE SET NEGATIVE ON EACH OF

THE TWO SUBSEQUENT ENTRIES UPON EACH PASS THROUGH THE

GENERAL SHORT ARC PROGRAM.
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A) CALLING SEQUENCE -

TSX CANORM,4

H L(TCNORM)

PZE L(TCOXYZ)

RETURN

B) STORAGE REQUIRED -

C) TIMING -

109 DECIMAL LOCATIONS

I.?5T MILLISECONDS
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o*tQ**m********

: SNTER :
eoJl ta*m_eteee

CANORM
me***_***em*m*l

• 2's COMPL. _ 2's COMPL.

L(TCNORM) - -
INTO XR2 _ L(ti' rl' vi )

_eee,,m,,emmeo_ INTO XR1

** . _a i •b, T :
.- : ............. :

•*******tm**It*

(2_al) *_ :

.--. ,,i
:oo:..x:+ _w_e_T ¢1 :

** *INTO

• _at _i

.***o*,*.*m****

: _ _To :

X

• oYES

• H IS LT 0 * ........

• Q m *

k

• *YES

• m=O * ....... X

m**mme**•**t***

• r2= *

2

A
geIiii•oegleeee

UISQRT *
m* COMPUTE •

• r L *

CANI

: rt3 : ri2 r i

•X .................

COMPUTE ee _i Yi; At=(tt-ts)K

esmmee•meemmemm

Wi

: (_t-b I) _i :

: r_TO_bl :

* n-1 INTO n *

: % +_w__NTO:
...._._._.........

i

: (_w,_ _ •

o

**m**•***•*•***

XRIol *
n_TOxRI

:x_2-s_TO x_:

• *NO

XR_ GT l

• _ES

*...x E8•

k

: ( _ll bl )2 ** : e*
• * RESTORE XR_ *

• _To zw. bt2 :

( _ll ai)( _ bi)

INTO E W i a i bi

: SAVE C_z):
: 3 INTO XR4 *

•.............:

******.****m•**

EXiT *

• TO 3._ *

• • *•m•***•******• ,**•*********•*

• * .,,.o : ,_t_ : .***. .*'. :-I_,. ,,-_:_ _ _)m= O * .............. X• al = _ *...X CO* *C8•..x* 1 1 _'| +

• • r i * * • * * *

• . . : ............. : ..... : r_TO _ _,
• _ES

::............._t_ :..._:""co: :C_/-, _ h :...:o_:
: "*:rot : "..." .:+_wI_' ¢1 .* ..."
• *•*•*m**,•••*• eINTO Z _ ai _I*
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23. CASCLN - SUBROUTINE TO SOLVE NORMAL EQUATIONS

THIS PROGRAM IS USED TO SOLVE A SET OF NORMAL

EQUATIONS FCR POSITION AND VELOCITY VECTORS AND THEIR

VARIANCES AT TIME ts. THESE NORMAL EQUATIONS CONSIST OF

SUMS OF SQUARES AND CROSS PRODUCTS COMPUTED BY CANORM.

IT IS A SUBROUTINE OF THE GENERAL SHORT ARC PROGRAM,

CASARC. (SEE FLOWCHART)

INPUT

A.

BI

CONSTANTS -

KO02.0 DEC 2.0

TABLES -

(SEE CASARC FOR FORMAT DESCRIPTION)

TCNORM A TWENTY-FOUR LOCATION TABLE

CONTAINING THE PARAMETERS AND

SUMS FOR NORMAL EQUATION M, M =

I, 2 OR 3

TCSRVT A THIRTEEN-LOCATION OUTPUT

TABLE CONTAINING THE SOLUTION

ts' _s' _s AND ITS ASSOCIATED

VARIANCES.

OUTPUT

THE OUTPUT FROM CASOLN WILL BE FOUND IN TABLE TCSRVT

AS DESCRIBED IN CASARC.

METHOD
I

UPON GAINING CONTROL FROM THE CALLING PROGRAM,

CASOLN PICKS UP THE LOCATION OF THE NORMAL EQUATION BEING

SOLVED AND ALSO THE LOCATION OF THE OUTPUT TABLE. USING
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THE METHDD OF DETERMINANTS_ IT NEXT SOLVES THREE SETS OF

TWO SIMULTANEOUS NORMAL EQUATIONS, EACH WITH THE SAME

COEFFICIENT MATRIX, TO FIND _0' 40' 70' _O' m'_d _0' _0"

WE HAVE THREE SETS OF NORMAL EQUATIONS -

__Oo_W_,_o__w_,_,

Wiaibi _0 + Wi z 0 b. _i

SIMILARLY FCR _ AND

BY THE METHDD OF DETERMINANTS -

_0 - D

Y,_wi2_: Y, Y,ai Wi bi _i-- Wi ai bi Wi ai _i
_0 = D

WHERE y, i]D = W i a2 W i b -- W i ai b

HE SDLUTION OBTAINED IS -

Xs = Xo+ _0

£s = :_o+ _o

SIMILARLY FDR Ys AND z s
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SUFFICIENT SUMS ARE TAKEN TO OBTAIN THE VARIANCES BY THE

FCLLOWING FORMULAS -

_ b" 22 2 Wi z
= S

Xs _i D

o'. 2 = S 2_Wi ai2

Xs _i D
2 2

AND (T
z
S

SIMILARLY FER a
Ys

WHERE

S_ 0 n-2 Wi_i - _0 Wi ai_i- _0 Wibi_i

SIMILARLY FOR 2 AND 2
S_ 0 S_ 0

IF THERE IS Nfi APPROXIMATE SOLUTION AVAILABLE, THE

VARIANCES ARE USELESS SINCE ALL SIGNIFICANT DIGITS ARE

LOST AS THE CHANGE OF VARIABLES IN CANORM IS INEFFECTIVE.

AN EXIT IS THEN MADE BACK TO THE CALLING PROGRAM.

USAGE

A. CALLING SEQUENCE

TSX CASOLN,4

PZE L(TCNORM)

PZE L(TCSRVT)

RETURN

M = I_2 OR 3

B. STCRAGE REQUIRED - LOCATIONS

C. TIMING - .831 MILLISECONDS
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***ll,***ul*,**

: ENTER :

• FROM 0,_ •
elglleleleellle

CASCLN

_'S COMPL. L • 2'S COMPL.

(TCNORM) _ L(ts' _s' VS)

INTO XR1 * INTO XR2

• 3 [NTO XR6

ta INTO T s

:'"_'_'*_'_*'°: D = zW_.i2_w_b_2 t ZW_._blJ2

E = B/C EW i ai2 ZW i bi2
_, F = A/C ** A : --; B : AB : --
• •***..•.••.•** D D

ZW i a i b i

D

• .. .**•*•*'•*••*''_ _0 = BZWiai_i-AB]_Wibi_i; Xs : Xo+_o

*e le****•**••.iie_ G : ZWi_i 2 - _oZWiai_i - _oZWibi_i

o : EG; a i : FG
xs s

• * ***•,a•*ee*•***

• e • •YES ! _ lie• t

• * IS CI[R6) GT • • .............. X_C(RRA)-IXR_ |NTO*..*Xe e R6*

• . * :** ........... : °*°
_o

• RESTORE XR k*

: ............. :

: EXIT :

- ._.]_: ........
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24. CLSTOI - LOCAL TO INERTIAL COORDINATE CONVERSION

THIS PROGRAM IS USED TO CONVERT ONE OR MORE SETS OF

LOCAL COORDINATES OF POSITIONt r(RANGE), aIAZIMUTH),

e(ELEVATION) TO INERTIAL COORDINATES OF POSITION x, y, z.

(SEE FLOWCHART.)

INPUT

A) CONSTANTS -

KOOOOG

KOCO01

KO0003

KOOZ.O

K.OMTS

KLAMDO

KGUFTT

KCH233

KCH206

ZERO

FIXED POINT ONE

FIXED POINI THREE

FLOATING POINT ONE

ROTATIONAL VELOCITY OF THE EARTH

IN FLOATING POINT RADIANS PER

TENTH OF SECOND,.72921151X TO 5

INERTIAL LONGITUDE OF GREENWICH

AT MIDNIGHf PRECEDING LAUNCH

NUMBER OF FEEl PER GEMINI LENGTH

UNIT IN FLOATING POINT,.20925738

X TO OCTAL

OCTAL MASK FOR FLOATING POINT

CHARACTERISTIC 233000&00000

OCTAL MASK FOR FLOATING POINT

CHARACTERISTIC 206000000000
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B)

K77777

PARAMETERS -

L [L(rf)l

L [L(rL)]

C) TABLES -

OCTAL MASK TO KEEP ADDRESS

000000077777

THE LUCATICN OF THE LOCATION OF

THE RANGE COORDINATE OF THE

FIRST POINT TO BE CONVERTED

THE LOCATION OF THE LOCATION OF

THE RANGE COORDINATE OF THE LAST

POINT TO BE CONVERTED.

A DATA TABLE OF THE FORM -

LIDATA TABLE) t

+L r1

+2 a1

+3 e I

+5

+6

4-

e

4-

+n-2

+n-i _

r2

e2

TIME OF FIRST OBSERVATION

RANGE (FIRST OBSERVATION)

AZIMUTH (FIRST OBSERVATION)

ELEVATION (FIRST OBSERVA-

TION)

RANGE (n th OBSERVATION)
r n

AZIMUTH (ntb OBSERVATION)
a n

+n en ELEVATION (nth OBSERVATION)

WHERE TIME IS IN FIXED POINT TENTHS OF SECONDS GMT,

B35, RANGE IS IN FIXED POINT FEET, B35, AND AZIMUTH

AND ELEVATIQN ARE IN FIXED POINT RADIANS, BI4. t IS

THE FIRST OBSERVATION AND SUBSEQUENT OBSERVATIONS

FOLLOW AT 0.I SECOND INTERVALS•
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STATION CHARACTERISTICS TABLE -

A COMPLETE DESCRIPTION OF THE STATION CHARACTER-

ISTICS TABLE IS NOT GIVEN HERE, BUT MAY BE FOUND IN

OTHER DOCUMENTAION. ONLY THE LOCATION USED BY

CLSTOI ARE DISCRIBED BELOW.

L{STATICN CFARACTERISTICS TABLE)

+5

÷8

+9

+27

+28

GEODETIC LONGI-

TUDE OF THE STA-

TION IN FLOATING

POINT RADIANS, kSTA

SIN _ IN FLOATING

POINT RADIANS

COS @IN FLOATING

POINT RADIANS

R SIN (@- @') IN

FLOATING POINT

GEMINI LENGTH

UNITS

R COS (@- @') IN

FLOATING POINT

GEMINI LENGTH

UNITS

WHERE _ IS THE GEODETIC LATITUDE OF THE RADAR, @' IS

THE GEOCENTRIC LATITUDE OF THE PROJECTION OF THE

RACAR ONTO THE EARTH, AND R IS THE RADIUS OF THE

EARTH MEASURED FROM THE CENTER OF THE EARIH TO THE

PROJECTION OF THE RADAR ONTO THE EARTH.

D) SUBROUTINE -

UISICO - LIBRARY FLOATING POINT SINE-COSINE

ROUTINE
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OUTPUT

THERE IS NO DIRECT OUTPUT FROM CLSTOI, THE INERTIAL

COORDINATES xi, Yi' zi REPLACE THE LOCAL COORDINATES IN THE

INPUT CATA TABLE. INERTIAL COORDINATES ARE IN FLOATING

POINT GEMINI LENGTH UNITS.

METHOD

WHEN CONTROL IS TRANSFERRED TO CLSTOI, THE CONTENTS

OF THE INCEX REGISTERS 1,2,3 AND 4 ARE SAVED. THE LOCA-

TION OF THE RANGE COORDINATE UF THE FIRST POINT TO BE

CfiNVERTED IS PICKED UP, AND THE NUMBER OF POINTS TO BE

CONVERTEC IS DETERMINED USING THE FOLLOWING FORMULA -

L(rf) - L(rL)
N =- +1

p 3

WHERE Np IS THE NUMBER OF POINTS TO BE CONVERTED

L(rf) IS THE LOCATION OF THE RANGE COURDIJ_ATE OF THE

FIRST POINT TO BE CO,VERIEr.

L(rL) IS THE LOCATION OF THE RANGE COORDINATE OF THE

LAST POINT TO BE CONVERTED.

NEXT, THE LOCATION OF THE STATION CHARACTERISTICS TABLE

IS PICKED UP, ANC USING THE FOLLOWING FORMULA, THE TIME

OF THE FIRST POINT TO BE CONVERTED IS DETERMINED -

L(rf) - L(Data Table)- 1
T=

3

THE POINTS IN THE DATA TABLE ARE CONVERTED ONE AT A

TIME UNTIL THE LAST POINT SPECIFIED HAS BEEN CONVERTED.

THERE IS AN ERROR RETURN FROM CLSTOI IF AN ERROR CONDI-

TION OCCURS WITHIN A LIBRARY SUBROUTINE.
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THE RADAR CCORDINATES ARE RECEIVED IN THE FOLLOWING FORM-

r RANGE IN FIXED POINT FEET, B35

a AZIMUTH IN RADIANS, _14

e ELEVATION IN RADIANS, b14

VT

/// //

/ //

r r/,
Radarstatioo'_," e_. _isatstationJ

East

I
I

I

Figure 1
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IN FIGURE i -

r IS THE PROJECTIONOF r TIIE RADIUS VECTUR,
P

INT[) THE LOCAL HORIZONTALPEANE x",y" PLANE)

a IS MEASUREDCLOCKWISEFROMNORTH T(] _DIN THE
LOCAL HORIZONTALPLANE

w

e IS MEASURED FROM r TO r -
P

NOW

r = r cos e
P

x"= r cos (90 °-a) =rcose sina
P

y"= r sin (90 ° -a) = rcosecos a
P

z" = r sin e

THE LOCAL RADAR COOROI_qATES r,a,e ARE CCNVERTED TO

FLOATING POINT FORMAT. r IS CONVERTED TO GEMINI LENGTH

UNITS AND THE ABOVE FORMULAS ARE APPLIED TO OBTAIN LOCAL

x,,,y,,,z,, IN GEMINI LENGTH UNITS. NEXT, THE ORIGIN OF

THE LDCAL ×,,,y,,,z,, SYSTEM IS TRANSLATED TO THE CENTER

OF THE EARTH.
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N

._", Z")
Z TI

Radar

y!
<1

f

Y

Figure 2

FIGURE 2 IS A CROSS-SECTION [IF THE EARTH AT THE

MERIDIAN OF THE RADAR WHERE -

@ IS THE GEODETIC LATITUUE OF THE RADAR

_' IS THE GEOCENTRIC LATITUDE OF THE PROJECTION

OF THE RADAR O_TO TH_ EARTH ALONG THE LOCAL

VERTICAL

R IS THE RADIUS OF THE EARTH MEASURED FROM THE

CENTER UF THE EARTH TO THE PURJECIION OF THE

RADAR ONTO THE EARTH ALONG THE LOCAL VERTI-

CAL
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H IS THE HEIGHT OF THE RADAR ABOVE THE EARTH

FROM FIGURE 2t WE CAN SEE THAT < 1 = 90 ° -@'

< 2 = 90 ° -@

<3=<1 -<2

=@-@,

AND ALSO, X T = X II

y'= y"-Rsin<3=y"-Rsin (@- @')

z' = z"+H+Rcos <3= z"+Rcos (@-@') +H

NOW, THIS GEOCENTRIC SYSTEM MUST BE CONVERTED TO THE

GEMINI INERTIAL SYSTEM. THIS REQUIRES TWO ROTATIONS.

THE FIRST IS A CLOCKWISE RUTATION ABOUT THE x, AXIS

THROUGH AN ANGLE UF (90°-@) . THIS CAUSES THE NEW z AXIS

TO HAVE THE SAME ORIENTATION AS THE EARTH'S ROTATIONAL

AXIS (FIGURE 2). THIS ROTATION IS EQUIVALENT TO A POSI-

TIVE ROTATION ABOUT THE x AXIS OF -(900-@) , DENOTED [-(90°-@)].

Xqt

y!

g' axis = Z-axis points up
out of paper

Radar Station

at time t

X !

Figure 3
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IN FIGURE .:_-

_STA IS TIlE GEODETIC LONGITUDE OF THE RADAR

STATION

kO IS THE INERTIAL LONGITUDE OF GREENWICH AT

NIDN[CHT PRECEDINGS LAUNCH (KLAMDO)

o_ IS THE _:_OTATIONAL VELOCITY OF 1"HE EARTH

IN RAOIANS PER TE,JTH OF SECOND (K.UMTS)

t IS Tt4E TIPE UF PUIN] BEING CONVERTED IN

TENTHS OF SECONI)S_ GNT.

THE x' AXIS IS OFFSEI FP, UN THE x AXIS BY AN

ANGLE UF 90°+k, WHERrck=kO+_.STA+Wt (FIGURE 31.

THEREFORE, IT IS NECESS/_RY TU VIAKE THE SECOND RO-

TATION, CLOCKWISE, ABOUT TI4F z AXIS THROUGH 900+

_}ilCt4 IS E(_U[VALENT fit A P(1SIIIVF RUTAT[ON ABUUT THE

z AXIS UF-(90°+k), DENOTEI) R [-(90°+k)] .
z

THUS,

= Rz[-(90 ° +)_ )] Rx[-(90 ° - _b)] y'

[il o o= n (90°+ _) cos (90 °+_) 01 cos (90° -_b) - sin (90 °- y'

0 0 11 OLO__sin (90 ° _b) cos (90 ° z'

(c.f. Danby, J. M. A.; Fundamentals of Celestial Mechanics, The

Macmillan Company, New York, 1962, pg. 329)
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= s k sin k

0
oo;I 1sin (p - cos y'

cos _b sin _b] z

(c.f. Burington, Richard Stevens, Handbook of Mathematical Tables

and Formulas, Handbook Publishers, Inc., Sandusky, Ohio, p. 17)

Ii 1 _-SO:nk-cosk sin_b cos k cos--_ Ii _
= k -sink sin ¢ sin k cosq) I y'

cos qS sin _ '_

x = -x' sink - y' (cosk sin (p) + z' (cosk cos(/))

y = x' cosk -y' (sink sin_b) + z' (sink cos_b)

z = y' (cos_)) + z' (sinq))

x = - x' sink + cosk (-y' sinqS + z' cos_b)

y = x' cosk + sink (-y' sin_b + z' cos(_)

z = y' cos_b +z' sin_)

CALLING

TSX

PZE

SEOUENCE -

CLST{}I,4

L(gAT,_ TABLE),,L(STATION

T At-_LF_)

PZE L [L (:rf)], , L [L (rt)]

E _ I_LiP. RE TUR_q

NORMAL RE TU,<N

CHARACTER IST ICS
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B)

C)

STOR,aG[ REQUIRED-

131 LOCATIONS

TIME REQUIRED-

• _932+. 58_J P

WHEi<E P=THE NUMBER OF POINTS Tfl BE CO,.NVE_TED

PER ENTRY
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: ENTER :
• FROM 0t& •

VOL Ill REAL TIME PROCESSORS PART I - LAUNCH/A;_ORT

cos e i, ri cos e i, sin e t, r i sin e I

_l_•*•*••••m_•_ zi = r: sin el + R cos (_-_r) * HEXIT TO CLSER i

ON ERROR

RETURN FRON : COMPUTE- ** sip a I, cos s i

UISICO .•***.***•.•.•: x it = r i' cos e i, sin a i

Yi' = ri cos e I -- R sin (_b- ¢')

_.*•mmmommg••o:

• SAVE XR'S
1,2,3,4 :

:";7_;_":

:L (rE) INTO XR3:

:.............:

:..._._-_-_..:
**Z i cOS ¢ - Yi sin ¢**

!._.._.T.+._.o.+._._z._i

x sin A, cos k

EXIT TO CLSER : : xi = -x'i sin A + cos _, (z'i cos @ - Y'i sin (_)

ON ERROR CONPUTE- _ YI = x'i cos k + sia k (z[ cos ¢- Y'i sin _ )

RETURN FR_I iUISIC0 •*º*.*m•*.•*•** zI = Y'i cos(_+ z' i sinq_

Np = L (rf)-L r L

Np = - (Np/3) + 1

H*H*HH*H**

:•*•****m*eem*:

: Np I_TO XR2 •

k

: 2'S CONRL. i
LISTA CHAR

• TABLE} INTO *
XRI

• (DATA TABLE) •

DETERMINE NO.

OF POINTS TO

BE CONVERTED

DETERMINE
TIME OF FIRST

POINT TO BE

CONVERTED

• • myE_

• C(KR2) = 1 * * ........

;o

_*HºH•*******

CLSST

;.............. ...
• XR3-3 Irwin • * *

• XR3 T_l INTOo*,.l Ab•

i

• RESTORE XR4

:***°*.**H*m••

[:Np

I. i+ 1

•*****...•***••

: ENTER

• CLSER
*Hee••••e*Ht*

_****m•m••*m•*:

: FLOAT T AND :

• STORE *

CLSST

.**. . FLOAT r i ANDre

:A_:"X:oo.v TO "
• * *GEMINI UNITS :

*CBm..X: RESTORE XR'S:

• * * 1, 2 A_ab _ -

.- : ............. :

LOCATION OF POINT : 2'S COMPL •

BEING WORKED ON * C(XR3_cINIO :
WHEN ERROR OCCURS :

IN'IDAC *e*•••mm*m.m•**

:•'••*'•••**•*: ••m

i RESTORE XR_ *
XR_+I INTO :..._ ce•

XR_

FLOAT

1. _,_o_i :...i _o:.
• _*,

,.,,°•,••.•**,*

: Ex,I :
e••°_°e_,mm•e°•
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25. CSOGLS - GENERAL LEAST SQUARES SFOOTHING

THE BASIC FUNCTION OF THIS PROGRAM IS rO PRODUCE

SMOOTHED POSITION AND VELOCITY VECTURS (_k,_k) ASSOCIATED

WIT_ TIME tk . (SEE FLOWCHART)

INPUT

A) CONSTANTS -

KM03.0 DEC

KM30.O DEC

KOCI.0 DEC

KC_2.0 DEC

KOU3.0 DEC

3._ FLOATING POINT

MINUS THREE

3G.C FLOATING POINT

MINUS THIRTY

1.J FLOATING POINT ONE

Z._ FLOATING POINT TWO

3._ FLOATING POINT

THREE

KO04.O DEC 6.L

KO0_.O DEC 9.C

KOIS.C DEC 15._

B) TABLES -

TCHSPT

TCHSWT

TCBDF6

FLOATING POINT FOUR

FLOATING POINT NINE

FLOATING POINT

FIFTEEN

(H IS PRESENTLY EITHER F_ FOR FPS-16

DATA, OR Vt FOR VERLORT DATA.)

A 12-LOCATIO_ [ABLE CONTAINING IHE

PARAMETERS USED BY THE SMOOTHING

PROGRAM (SEE FLOWCHART)

A 52-LOCATION TABLE USED BY THE

SMOOTHING PROGRAM FOR THE INTERNAL

DOUBLE PRECISION COMPUTATIONS (SEE

FLOWCHART)

A 601-LOCATION TABLE CONTAINING THE

FPS-16 RADAR OBSERVATIONS IN THE
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C)

TCBDVE

SUBROUTINES -

CSLGLS

CS2GLS

CS3GLS

REQUIRED FORMAT FOR THE SMOOTHING

PROGRAM. THE FIRST CELL CONTAINS

THE TIME OF THE FIRST ENTRY IN THE

TABLE IN FIXED POINT TENTHS OF

SECONDS B35 (SEE FLOWCHART)

A 60L-LOCATIUN TABLE CONTAINING THE

VERLORT RADAR OBSERVATIONS IN THE

REQUIRED FORMAT FOR THE SMOOTHING

PROGRAM. THE FIRST CELL CONTAINS

THE TIME OF THE FIRST ENTRY IN THE

TABLE IN FIXED POINT TENTHS OF

SECONDS B35 (SEE FLOWCHART)

INITIALIZATION SUBROUTINE FOR CSOGLS

RECURSIVE SUBROUTINE FOR CSOGLS

SOLUTION GENERATING SUBROUTINE FOR

CSGGLS

OUTPUT

OUTPUT FROM CSOGLS IS DESCRIBED UNDER METHOD AND,

MORE SPECIFICALLY, IN THE WRITEUPS OF CSZGLSt CS2GLS, AND

CS3GLS.

METHOD

WHEN CONTROL IS TRANSFERRED TO CSOGLS, THE CONTENTS

OF INDEX REGISTERS A, B, AND C AND OF THE SENSE INDICA-

TORS ARE SAVED. THE CALLING SEQUENCES TO SUBROUTINES

CSZGLS, CS2GLS_ AND CS3GLS ARE INITIALIZED AND THE

ADDRESSES OF THE WORKING TABLE AND THE PARAMETER TABLE

FOR THIS RADAR ARE OBTAINED. IF THIS IS NOT AN INITIAL OR

RESTART ENTRY TO SMOOTHING, THE REMAINING PROCEDURES ARE

AS OUTLINED IN STEP B)9 BELOW.
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A)

B)

ON AN INITIAL OR RESTART ENTRY, THE INDICATOR IS

RESET TO ZERO TO SHOW NO S_LUTION AVAILABLE AND

A CHECK IS MADE TO DETERMINE IF THERE ARt POINTS

AVAILABLE FOR USE BY SMOOTHING. IF NO POINTS

ARE PRESENT, SMOOTHING EXITS TO ITS SUFFIX,

MFBDAS. WHEN POINTS ARE AVAILABLE, THE FIRST

OR RESTART ENTRY CELL IS SET NONZERO, SHOWING

THAT THE ENTRY HAS BEEN MADE - THE SETUP

COMPLETED CELL IS RESET TO ZERO SHOWING THAT THE

SETUP HAS NOT YET BEEN DONE, AND THE LOCATION OF

THE FIRST CCMPONENT, MIDPOINT OF U, Vt W SUMS IS

INITIALIZED. THE QUANTITIES n_ n÷l, k., AND At.

IN SINGLE PRECISION ARE THEN MOVED FROM THE

PARAMETER TABLE TO THE WORKING TABLE IN DOUBLE

PRECISICN.

CSOGLS THEN COMPUTES THE Aii FACTORS IN DOUBLE

PRECISICN AND STORES THEM IN THE WORKING TABLE.

THE FOLLOWING FORMUIAS ARE USED -

A 11 = (9n (n+ 1) -3-15k 2)/(2n+3) (4n 2-1)

A 12 = 3k/n (n+ 1) (2n+ 1)

A13 = (45k 2-15n(n+l) )/n(n+l) (2n+3) (4n 2-1)

A21 =-30k/At (2n+ 3) (4n 2 -1)

A22 = a/At (n) _+ 1) (2n+ 1)

A23 = 90k/At (n) (2n+3) (n+ 1) (4n 2-1)

IF THERE ARE NOT 2_÷1 POINTS AVAILABLE FOR USE
I

BY SMOOTHING, CSOGLS EXITS TO MFBDAS. AS SOON

AS 2n+I POINTS ARE PRESENT IN THE DATA TABLE,

CSIGLS IS ENTERED TO COMPLETE THE SETUP UF THE

INITIAL U, V, W SUMS.
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IF MORE POINTS REMAIN IN THE DATA TABLE, THEN U,

V, k SUMS ARE UPDATED BY CSZGLS USING THE RE-

CURSIVE SCHEME. WHEN ALL THE DATA HAS BEEN IN-

CORPORATED INTO THE U, V, W SUMS, CS3GLS

PRODUCES THE OUTPUTr k AND vk ASSOCIATED WITH

TIME t k .

THE CONTENTS OF THE INDEX REGISTERS AND OF SENSE

INDICATORS ARE THEN RESTORED AND CSOGLS EXITS

TO ITS SUFFIX, MFBDAS.

USAGE

CSOGLS RECEIVES CONTROL FROM ITS PREFIX, MPBDAS,

AND GIVES CONTROL TO ITS SUFFIX, MFBDAS.

A) STORAGE REQUIRED - 156 LOCATIONS

B) TIMING (7094) - DOES NOT INCLUDE TIMING FOR

SUBROUTINES

FIRST ENTRY, k = 0 - 1.116 + {.012) P

MILL ISECONDS

FIRST ENTRY, k _ 0- 1.643 + (._12) P

MILLISECONDS

SUBSEQUENT ENTRY - ._08 ÷ (.C_12) P MILLI-

SECENDS, t_HERE P IS [HE NUMBER OF POINIS TO

BE ADDED TO THE U, V, W SUMS.

C) CSOGLS AND ITS SUBROUTINES RECEIVE THEIR INPUT

AND PRODUCE THEIR OUTPUT IN SINGLE PRECISION.

HOWEVER, ALL INTERNAL COMPUTATIONS ARE MADE IN

DOUBLE PRECISION.

D) ALL A.. FACTORS ARE REQUIRED TO BE LESS THAN I.
13

BECAUSE OF THIS STIPULAIION, THE MINIMUM VALUE

THAT MAY BE USED FOR n IS 3.
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TABLE 25-I. SMOOTHING PROGRAM PARAMETERS*

LOCATION

TCHSPT

+I

÷2

+3

+4

+5

+6

+?

+8

+9

+I0

÷11

DESCRIPTION

SOLUTION AVAILABLE INDICATOR, S

FIRST OR RESTART ENTRY INDI-

CATOR, F

LUCATION OF TABLE CONTAINING

DATA TO BE SMOOTHED

LOCATION OF FIRST COMPONENT,

FIRST POINt USED, L(×f)

LOCATI{}N OF FIRST COMPONENT,

LAST POINT USED, L(x I)

LOCATION OF SMOOTHING WORKING

TABLE

3n {FIXED POINT)

k (FIXED POINT)

n {FLOATING POINT)

n+l (FLOATING POINT)

k {FLOAIING POINT)

_t TIME INTERVAL BETWEEN

ENTRIES IN THE DATA TABLE

{FLOATING POINT)

* H IS PRESENTLY EITHER F, FOR FPS-I6 DATA, OR V,

FOR VERLORT DATA.
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TABLE 25-2. SMOOTHING PROGRAM WORKING TABLE ENTRIES

(SHEET 1 OF 3)*

IN THIS TABLEt ALL ENTRIESt UNLESS OTHERWISE

SPECIFIEOt ARE IN FLOATING POINT DOUBLE PRECISION - M =

MOST SIGNIFICANT PORTION OF ENTRY. t = LEAST SIGNIFICANT

PORTION OF ENTRY.

LOCATION

TCHSWT

+l

DESCRIPTION/SIGNIFICANCE

SETUP FINISHED INDICATOR (OCTAL)

LOCATION UF FIRST COMPONENT,

MIDPOINT OF U,V, W SUMS (OCTAL),L(x 0)__

+2 n M_

÷3 n L

+4 n+l M

÷ 5 n+l L

÷6 k M

÷7 k L

+8 t M

÷9 t t

+I0 All M

÷II All L

+ 1 2 A12 M

÷ 13 AI2 L

+14 AI3 M

+15 A L
13

÷ 16 A21 M

÷17 A21 L

+ 18 A22 M

÷ 19 A22 L

*H IS PRESENTLY EITHER F, FOR FPS-16 DATA, OR V FOR

VERLORTI_TA.
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TABLE 25-2. SMCOTHING PROGRAM hORKING TABLE ENTRIES

ISFEET 2 OF 31-

LOCATION DESCR IPT ICNISIGNIF ICANCE

+20 A23 M

+21 A23 L

+22 U X M

+23 U X L

+24 VX M

+ 25 V X L

+ 26 W X M

+27 W L
X

+28 Uy M

429 Uy L

+ 30 Vy M

÷31 Vy L

+ 32 Wy M

+33 Wy L

+34 U Z M

+35 U Z L

+36 V z M

+3? V z L

+38 W z M

+39 W z t

+40 *T 1 M

+41 T L
1

+42 T 2 M

+43 T 2 t

+44 T 3 M

•TEMPORARY STORAGE
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TABLE 25-2. SMOOTHING PROGRAM _ORKING TABLE ENTR

[SHEET 3 OF 3)t

LOCATICN DESCRIPTION/SIGNIFICANCE

+45 T 3 L

+45 T 4 M

+47 T 4 L

+48 T 5 M

+49 T 5 L

+50 T 6 M

+51 T 6 L
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TABLE 25-3. SMOOTHING INPUT DATA TABLE

LOCATION

TCBDF6 CR

TCBOVE

DESCRIPTICN

+I

*2

+3

+_

+5

*6

+598

+599

+600

t (FIXED P[]INT TENTHS UF SECONDSt

B35)

cl/C2 Pl

C3

C2 P2

C3

C I

C 2

C 3

P200

THE ABOVE IS THE GENERAL FORMAT OF THE INPUT DATA TABLE

(S). THE THREE COORDINATES OF THE POINTS OVER WHICH

SMOOTHING IS TO TAKE PLACEr THE P'1 ' ARE DENOTED BY Clt

C 2 AND C 3. IN THE GEMINI SYSTEM, THESE COORDINATES ARE

THE X, Y, AND Z COMPONENTS OF THE POSITION VECTOR AND ARE

IN FLOATING POINT GEMINI LENGTH UNITS.
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• ENTER :

:............. : {;_:_;::_;_t:_ :............. :
• SAVE XR|,3,4-t

_ 'NOI"*Ei
: CONTENTS * i SOLUTIONSENSE IND. 2_ _T4=n(n+l)(2n+l) READY. SETS
• CORPL. • • NOT - = •
HHtlgmHIH•* *•eHl•••HOlel •H,•O••Q•m*•**

• LIPARA TABLE•
• INTO XR1] SET*

• UP CALL SEQ •
• TO SOB •

CSOEX

• ••e : RESTORE XR-Se

i 3 _ *CZ,..X* 1,3 4 ANDCONTENTS OF ! ...........AZ2= T41(At-----')_: ***• : SENSo IND.

• ROUTINES- 2,Se
• COMPL L|RORK•
• TABLE ]NT0 •

XR3I

•" " .No :.............:
K = 0 * .............. X_ Ts= 15k 2 :

• • * • J•*•••*••***••:

• _ES

X

• • • OR eN^
Q

• • INITIAL
RESTART • .......

• ENTRY. F - 0 •

_ES

RESETSOLUTION

• AVAILABLE
eINO. 0 INTO S_

X CSOGK
e••t•t•••ommee*

:A12 = 0' A21=0 : : A12 = 3k/T4 :

• A23 = 0, A 1 • A21 = 30kiT3 (_t)

: = 9 (T1-3))_ 3 _ A23 = 3A21/T 1

• A13 = 15/T 3 9T1-3-T 5 , 3T5-15T _

• All = T_ AI_ T 1 T 3

............... x:x............................... :

CSONF CSOEX

• L(x0)+3N "NO
• •X C2•

• • GT(L(xI) • * ••m**

• " " _ES

k
• • CSOEX

• • L(Xf) " *NO m..

L (XI) * *_ C2:

• • ANY p'rs. • • •••••

• AVAIL. •

_ES

i

• • " •YES

• HAVE SUNS
• BEEN SETUP. • ........

• SUN = 0 •

_o

• ENTRY RADE •
* SET F NCT=O •

:SETU__NO.TO:
••••lmlllilimm•

:"_,'C_'_:":
_OINT OF SUMS:,*

.. L(Xf)+3N

• INTO L IX0)

X

• MOVE N, N+I,K,* el.

• _t INTO :...l BO:
WORKING

TABLE : •ms

SET UP *
INITIAL U V,W *

• SUNS CSI_LS •

_X .................

re•e• * * L(X0)+3N LT *NO ••"

:se,*x ux? MO_E_AT_ "_ CO:

• • • • AVAIL. • • "••

• " _ES

o

k

• •'••• ,* EXIT ,*
• UPDATE U ViM iX OO•

SUI4S CS2{_LS • TO 2,_.

ISl
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GENERAL DESCRIPTION OF THE GENERAL LEAST SQUARES SMOOTH-

ING PROGRAM

GIVEN -

A)

B}

C)

FIND -

2N+I SEQUENTIAL DATA POINTS,Q 1 WITH UNIFORM

TIME SPACEING, At.

to, THE TIME ASSOCIATED WITH THE MIDPOINT OF THE

CATA SPAN OVER WHICH TO SMCOTH.

k, A PARAMETER SPECIFYING THE NUMBER OF POINTS

FROM THE MIDPOINT AT WHICH THE SOLUTION IS

CESIRED.

QkAND Qk ASSUMING A SECOND DEGREE CURVE FIT TO THE

CATA.

FORMULATION -

A) LET THE SECOND DEGREE CURVE FITTING THE DATA BE-

1) Qi = a0 + al (iAt)/(At)+a2(iAt)2/(At)2*

IN THIS EXPRESSION, (iAt) IS THE INDEPENDENT

VARIABLE, AND At IS A CONSTANT INTRODUCED IN

THE DENOMINATION TO SIMPLIFY CALCULATIONS.

B) THE DERIVATIVE OF I) WITH RESPECT TO fiat)

YIELDS THE GENERAL EXPRESSION FOR VELOCITY -

2 ) Qi = al/(At)+2a2(i_t)/( At)2

C! ELIMINATING At FROM I) AND LETTING i VARY FROM

-n TO ÷n, WE OBTAIN 2n÷l SIMULTANEOUS EQUATIONS

OF THE FORM -

152



VEL Ill REAL TIME PROCESSORS PAR/ I - LAUNCH/ABORT

.2
Qi=ao + al i+ a21

(i.e., aO+ aI (-n)+a 2 (-n)2 = Q-n

aO+ aI (-n+l) + a2 (-n+l)2 = Q-n+1

2
aO+a I (0)+ a2 (0) =Qo

aO+a I (1)+a 2 (1)2 = Q1

a 0+a 1 (n) +a 2 (n) 2 = Qn), from which theunknow]

a 0' a 1, and a 2 must be obtained.

D) BY PREMULTIPLYING BOTH SIDES OF THE ARRAY BY I

TRANSPOSE" OF THE COEFFICIENT MATRIX, THE ARRA_

IS REDUCED TO THE FOLLOWING -

2n+ 1 0

n

n -n

0 _ i2 0
-n

n n

-n -n

all =

n

n_jQi

n__n

iQi

n__n

i-Q,
g...J

.-n

1

|

,

= V
,

wl
.J

153



VOL Ill REAL TIME PROCESSORS PAR[ I - LAUNCH/ABORT

E) LET THE LEFT HAND MATRIX, WHICH REPRESENTS THE

COEFFICIENT MATRIX PREMULTIPLIED BY ITS TRANS-

POSE, BE DESIGNATED AS P. THE INVERSE OF THIS

MATRIX_P -1' MAY BE EXPRESSED AS

p-1 P

WHERE P IS THE ADJOINT OF P.

ADJOINT IS

Pij = (-l)i+J IMji '

WHERE Mji

TAKEN TERM BY TERM, THE

IS THE MATRIX OBTAINED BY DELETING THE jTH ROW

ANDi TH COLUMN OF P.

P =

m m

o
o

154



VOL Ill REAL TIME PROCESSORS PART I - LAUNCH/ABORT

-1
DIVIDING EACH TERMS IN _ BY IPl, p

_,x _ _ _o_

[Ao 0 C

B 0

REDUCES TO

WHERE

B

In2n+1) - i

-I1

n2/ i2 
2

- (2n+l)_ni t

C = i/__ni2

D = (2n+ 2n+l) i 4 - i
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REFERRING TU EQUATION D), IT IS DESIRABLE TO

hAVE ONLY THE UNKNOWNS ao, al, AND a 2, APPEARI_4G

ON THE LEFT SIDE OF THE E_UATION. EACH SIDE IS

THEREFORE PREMULTIPLIED BY p-l, WHICH GIVES -

" a0

a 1

L. a2

B

D

A 0 B

0 C 0

0 D

U

V

W

F) USING T_E RELATIONSHIPS -

G)

n fl

_i 2 =(n/3)(n+l)(2n+l),AND _i 4 =(n/15)(n+1)(2n+1)(3n2+ 3n-1)

-n -11

IT IS POSSIBLE TO EXPRESS AtB,C, AND D IN TERMS

ONLY OF n. (FOR DERIVATIONS OF THE ABOVE, SEE

DERIVATION OF EXPRESSIONS FOR

THUS -

A : (9n(n+1)-3)/((2n+3)(4n2-1))

B = -15/(2n+a)(4n2-1)

c = 3/n(2n+1)(n+l)

O = 45/n(n+ 1) (2n+3) (4n2-1)

THEN, SOLVING THE MATRIX IN E} -

I'I n

_-'i2 and _ i 4A..J

--II --ll

a 0 = AU + BW

a 1 = CV

tt 2 = BU + DW
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SUBSTITUTING THESE VALUES IN THE ORIGINAL

EQUATIONS A) AND B}, WE OBIAIN-

Qk = (AU + BW) + CV(k) + (BU + DV0 (k 2)

= (A + Bk2)U + (Ck)V + (B + Dk2)W

Qk = CV (i/&t) + 2k(BU + DW)/(At)

= (2kB/ht)U + (C/_t)V + (2kD/At)W

LETTING -

All = A + Bk 2

A = Ck
12

A13 = B + Dk 2

A21 = 2kB/_t

A22 = C/_t

A23 = 2kD/_t,

H)

THE FOLLOWING EQUATIONS ARE OBTAINED -

Qk = All U + A12V + A13W

Qk = A21 U + A22V + A23W

IT IS DESIRABLE TO SMOOTH ABOUT THE MIDPOINT

{k = 0), SINCE THE EQUATIONS ARE THEN SIMPLIFI!

AND THE PROBABLE ERROR IS LEAST.
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I) THE COEFFICIENTS OF U, V, AND W(I.E., THE Aij

FACTORS) ARE FUNCTIONS OF n,k, AND _t UNLY AND

NOT OF THE POINTS BEING SMCOTHED. THUS, ONCE

THESE PARAMETERS ARE KNOWN, THE Aij FACTORS CAN

BE EVALSATED AT ONCE AND IT IS NECESSARY ONLY TO

DETERMINE THE U, V, AND W SUMS. BECAUSE OF THEIR

FORM, THE U, V, W SUMS LENG THEMSELVES READILY

TO A RECURSIVE SCHEME WHEREBY THEY CAN BE

UPCATED BY ADDING THE EFFECTS OF THE NEWEST

POINT AND SUBTRACTING THE EFFECTS OF THE OLDEST

ONE. THE RECURSIVE FORMULAS AND THEIR DERIVATION

ARE GIVEN BELOW -

n

i) UO = _ Qi

-n

n+ 1

= _ Qi-i

-n+ 1

= ___nQi-I + Qn - Q-n-I

= U-1 + Qn - Q-n-i
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n

2) V 0 = _iQi

-n

n+ 1

= _i-1)Qi_ 1

-n+ 1

[-:n= (i-1)Qi_ + nQ n - (-n-l)Q_n_l

[n__ni 11 I_n 11
= Qi- - Qi- + nQn + (n+l)Q-n-1

= V_l - U_l + nQ n + (n+l)Q_n_l

3) W 0 = _i2O i

-n

n+ 1

= _(i-1)2Qi_l

-n+ 1

= "_ i-i)2 Qi- + n2Qn - (-n-1)2 Q-n-I

= 2 Qi- - 2 iQi- + Qi- + n2Qn - (n+l)2 Q-n-1

-n

= W_ 1 - 2V-1 + U-1 + n2Qn - (n+1)2 Q-n-1
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n n

DERIVATION OF EXPRESSIONS FOR AND i 4

-n -n

A} UPPER FACTORIALS - i_kJ""

1) i(k)= i(i-1)(i-2)... (i-(k-1))

b-1

2) ._ i (n) = (b (n+l) - a(n+l))/(n+l)
1--a

3) USING SYNTHETIC DIVISIGN AND THE ABOVE

DEFINITION OF i(k)-- IT IS POSSIBLE TO EXPRESS

ANY POLYNOMIAL IN TERMS OF UPPER FACTORIALS-

GIVEN - P(x)--x 4+ 6x2- 7x+ 8

USING DIVISORS O, I, 2, AND 3 (SINCE THIS IS

A QUARTIC) -

1/1 0 6 -7 18

1 1 7

2 6

3

116
THE RESULTS OF THE SYNTHETIC DIVISION MAY BE EX-

PRESSED AS

i

P(x) = [{-[x-3) +6]-(x- 2)+ 13} (x- 1)+0] (x-O)+ 8.

160



VOL Ill REAL TIME PROCESSORS PART I - LAUNCH/ABORT

UPON MULTIPLYING AND REARRANGING TERMS_ THE FOLLOWING IS

GBTAINED -

P(x) = _x- 1) (x-2)(x- 3) +6_x- 1)(x-2)

+ 13_x- 1) +8.

THE REFCRE, P(x) =x(4)+6x(3)+13x(2)+8

(ThlS EXPRESSION MAY BE CHECKED BY SUB-

STITUTING FOR EACH FACTORIAL THE DEFINITION

GIVEN IN A)I).)

B)

n

-n

1)

n n

2) EXPRESSING i2 IN TERMS OF UPPER FACTORIALS -

.2
p (i)=i

USING DIVISORS 0 AND I (SINCE THIS IS A SECOND

DEGREE EQUATION) -

1/lolo
1

111

Therefore, P(i) = i (2) + i (1)
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c)

n n n n n

-n i I i I

n

4) _i (2) = ((n+l) (3) - 1(3))/3

1

1 (3) = 0

n

Thus, _i (2) = ((n+1)(3))/3

(See a)2).)

= ((n+l)(n)(n-l))/3

(See A) 2) .)

(See A) 1) .)

5)

n

i(1)

1

1(2) = 0

Therefore,

= ((n+l) (2) - 1(2))/2

n

i(I) = ((n+1)(2))/2

1

= ((n+i)(n))/2

6) Combining the results of 4) and 5):

n n n

_i2=2 _(2)+2 _i (I)

-n 1 1

= 2((n+l)(n)(n-l))/3 + 2((n+l)(n))/2

(See A) 2).)

(See A) 1).)

n

-n n

1) _ i4

-n

2)

= ((n) (n+ 1) (2n+ 1))/3

n

=2 _4

1

Expressing i 4 in terms of upper factorials: P(i) = i4 .

With divisors of 0, 1, 2, and 3 (since this is a quartic equation):
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1/1 0 0 0 [0

1 1 1

2 6

3/1 317
3

116

Therefore, P(i), = i (4) + 6i (3) + 7i (2) + i (1)

n n n

3) _ni4=2_i4=2_(i(4)+6i(3)+7i(2)+i(1))_

=2

n n n n

_i(4)+ 12_i(3)+ 14_i(2)+2_i (1)

1 1 1 1

4) Noting that for q > 1, 1 (q) = 0,

n

i(4) = ((n+l)(5) - 1(5))/5

1

= ((n+I)(n)(n-1)(n-2)(n-3))/5

i 3) = ((n+l)(4) - 1(4))/4

= ((n+1)(n)(n-l)(n-2))/4

n

i(2)= ((n+l)(3) - 1(3))/3

1

= ( (n+ i)(n) (n -1))/3

n

i(1)= ((n+l)(2) - 1(2))/2

1

= ((n+1)(n))/2

(SeeA) 1) .)

(SeeA) 1) .)

(See A) 1) .)

(See A) 1) .)
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5) Combining the results of 4):

n n n n n

_i4=2_i(4)+ 12_i(3)+ 14_i(2)+2_ (I)

-n 1 1 1 1

= 2((n+ 1) (n) (n-l) (n-2) (n-3))/5 +

12((n+1)(n)(n-i)(n-2))/4+ 14((n+1)(n)(n-l))/3

+ 2((n+i)(n))/2

= ((n)(n+l)(2n+l)(3n2 + 3n-i))/15
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26. CSIGLS - INITIALIZATION SUBROUIINE FOR CS_GLS

THIS PORGRAM COMPUTES THE INITIAL U,VtW SUMS TO BE

USE_ I_ THE GENERAL LEAST SQUARES SMOOTHING PROGRAM

CSOGLS. IT IS ENTERED THROUGH CSOGLS AFTER AT LEAST 2n+1

POINTS ARE AVAILABLE FOR SMOOTHING. (SEE FLOWCHART.)

INPUT

A)

B)

CONSTANTS -

KO0000

KOOI.O

TABLES -

TC_SPT

TCHSWT

TCBDVE

TCBDF6

ZERO

FLOATING POINT ONE

A 12-LOCATION TABLE CONTAINING PARA-

METERS AND LOCATIUNS OF OTHER TABLES

TO BE USED IN CSIGLS AND BY CSOGLS

AND ITS OTHER SUBROUTINES.

A 52-LOCATION WORKING TABLE USED FOR

DOUBLE PRECISICN COMPUTATIONS BY

CSZGLS AND BY CSOGLS AND ITS

OTHER SUBROUTINES

DATA TABLES, PRESENTLY 601 LOCATION

TABLES

FOR VERLORT OR FPS-16 DATA. ONLY

ONE TABLE IS SPECIFIED PER ENTRY.

IN THE TABLES TCHSPT AND ICHSWT, H IS PRESENTLY

F (FOR FPS-16 DATA) OR V (FOR VERLORT DATA).

CNLY TC_SPT IS DIRECTLY INPUT TO CSIGLS, AND THE

OTHER TABLES ARE PICKED UP FROM THE LOCATIONS

SPECIFIED IN TCHSPT. THE ABOVE TABLES ARE USED,

IN GENERAL, BY CSOGLS AND ITS SUBROUTINES.

(SEE CSOGLS TABLE FORMAT DESCRIPTION)
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OUTPUT

THE OUTPUT FROM CSIGLS IS STORED IN TCHSWT. IT CON-

SISTS OF NINE DOUBLE-PRECISION, FLOATING POINT U,V,W SUMS

FOUND IN LOCATION AS SPECIFIED IN THE TABLE FORMAT DES-

CRIPTICN (SEE FLCWCHARTS)

METHOD

WHEN CONTROL IS TRANSFERRRED TO CSIGLS, THE CONTENTS

OF INDEX REGISTERS I, 2,3,4,5, AND 6 ARE SAVED. THE "LO-

CATIONS OF THE SMOOTHING WORKING TABLE (TCHSWT) AND OF

THE X-COMPONENT CF THE MIDPOINT OF THE DATA TABLE (TCBDVE

DR TCBDF6) CURRENTLY BEING USED ARE PICKED UP. THE INI-

TIAL SUMS ARE COMPUTED IN DOUBLE-PRECISION, USING 2n+l

POINTS FROM THE SPECIFIED DATA TABLE. UPON EXIT FROM

CSIGLS, THE SETUP FINISHED INDICATOR IN THE TCHSWT TABLE

IS SET TO NON-ZERO TO SHOW THAT T_E INITIAL SUMS HAVE

BEEN COMPUTED. THE INDEX REGISTERS ARE RESTORED, AND

CONTROL IS TRANSFERRED BACK TO CSOGLS. THE FOLLOWING

FORMULAS ARE USEC -

n n

% ;XQ ;Qo+Z'Q 
j= -n j=l

n n

n n

2 =_lj 2_° _WQ o _J Qj (Qj -Q j)

j:_ -n --
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WHERE Q = X, Yt Z

USAGE

A)

B)

C)

D)

CSIGLS IS ENTERD ONLY THROUGH CSOGLS, AND 0

AFTER 2n+l POINTS ARE AVAILABLE IN EITHER T

OR TCBDVE. IT IS ENTERED CNCE AFTER EACH R

INITIALIZATION OF CSOGLS.

CALLING SEQUENCE -

TSX CSIGLS,4 '

PZE L(TCHSPT)

RETURN

STGRAGE REQUIRED -

86 LOCATIONS

TIMING -
P-1

.140+,957N MILLISECONDS WHERE N- 2 AND P

THE NUMBER OF POINTS TO BE INCLUDED IN THE

SUMS.
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• •°°•=•••••*•••* * • • XR2-3 INI(} :
ENTER _ •CO*..X* XR_. XR4*3 •

• FROM %4 * • • • INTO XR_ *

CSIGLS CSISX

SAVE XR'S • _CI•.oX• 3 INTO XRSi

• /,E,3,4,5,6 _ • • • INTO i •
: .............. -- : ............. :

CSISU

2)S COMPL e •ee • ADD TO U V)W:
LIPARAMEIER _ •CI'..X_ SUMS [S_AB •

• TABLEtxRI.INTO _ •,. • • FOR If _ Vqo...........o.. _..............

n

UQ ° = Qo + _ (Qt + Q-I)
ee*e.*_e*e••l*• 1

= _ I (Qi - Q-i )

I-I

.E

WQo = _ 12 (Qi + Q-i )

i-i

Q:X,Y. Z

! 2's C0MRL i,,UR,INC : ,RS_sI_TO :
TABLEI INTO

XK3, XRb _..••,...•***__

L(X } INTO
WR2, XR_

......,........

• CSIAN C_ISU

• • "•••''''H'ff'''

• " AR_ ALL -N_ ..2_INT_*.XR, X,_I : I'''C_:
• CUMPONENEI% • .............. x• IN|O XR4o

OF II_IS P_?INT • • XRb-O INI_J • •
• USED • • XR6* • ...

• _rS

:
:

• • • ,Na

ARE ALL SUM%
INITIALllLD •

_cs

• XR_o XR_•5 •
• .............. x- INTO XR_. •

• XRoel2 [NTll •
• XR6. -
.•••--o•o•••--

INITIALIZESUM BLOCKS•

FOR SUMSU,V,W

• SET O,3 NOI =•
• 1o 3. RESTORE•

• XR'S •

• I,Z,3,4,5,6 •

CSISX

:.............: ...

• t._ INTO t :...;_Z:

..,.....*•..,*.

• x INTO U •

• y INTO U *
• Y *

• z IN'IX) U. •

•*...•.•...°•*.

: e., :
TU 2,_

......,.°**.•..

• o IN'IX) vx, W x •

• o IN'IX) Vy, Wy
0 INT() v , W .

o•..H o°°oz°°°_o

s(I UP AND • * *GET X •.**X CO.

• LIIVPUNENI OF*

QI AND Q-[ • *.•
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2?. CS2GLS - RECURSIVE SUBROUTINE FOR CSvGLS

THIS PROGRAM GAINS CONTROL FROM CSOGLS, THE GENERAL

LEAST SQUARES SMOOTHING PROGRAM. IT IS ENTERED AS

ADDITIONAL DATA IS AVAILABLE IN THE DATA TABLE. USING

RECURSIVE FORMULAS, CS2GLS UPDATES THE DOUBLE - PRECISION

UvV,W SUMS IN THE TCHSWT TABLE. (SEE FLOWCHART)

INPUT

A)

B)

CONSTANTS -

FIXED POINT THREE

FLOATING POINT TWO

KOOO03

KO02.0

TABLES -

TCHSPT A 12-LOCATION TABLE CONTAINING PARA-

METERS AND LOCATIONS OF OTHER TABLES

TO BE USED IN CS2GLS AND BY CSOGLS AND

ITS OTHER SUBROUIINES.

TCHSWT A 52-LOCATION WORKING TABLE USED FOR

DOUBLE PRECISION COMPUTATIONS BY

CS2GLS AND BY CSOGLS AND ITS OTHER

SUBROUTINES.

TCBDVE DATA TABLES, PRESENTLY 601 LOCATION
TCBDF6

TABLES FOR VERLORT OR FPS-16 DATA.

ONLY ONE TABLE IS SPECIFIED PER ENTRY.

IN THE TABLES TCHSPT AND ICHSWT, H IS PRESENTLY

F (FOR FPS-16 DATA ) OR V (FOR VERLORT DATA).

AS IN CSIGLS, ONLY TCHSPI IS DIRECTLY INPUT TO

THE PROGRAM. OTHER TABLES ARE PICKED UP FROM

LOCATIONS SPECIFIED IN TCHSPT. THE ABOVE TABLES

ARE USEC IN GENERAL, BY CS_GLS AND ITS SUB-

ROUTINES. SEE CSOGLS TABLES 2-I THROUGH 2-3 FOR
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TABLE FORMAT DESCRIPTION.)

OUTPUT

THERE IS NO DIRECT OUTPUT FROM CS2GLS. THE PROGRAM

UPDATES THE DOUBLE-PRECISION, FLOATING POINT U,VtW, SUMS

IN TCHSWT.

METHOD

WHEN CONTROL IS GIVEN TO CS2GLS, THE CONTENTS OF

INDEX REGISTERS 1, Z, 3, 5 AND 6 ARE SAVED. THE LOCATION

OF THE SMOOTHING WORKING TABLE {TCHSWT) IS PICKED UP.

USING RECURSIVE FORMULAS FOR A SECOND DEGREE GENERAL

LEAST S_UARES CURVE FIT THE UtV,W SUMS ARE UPDATED, I.E.,

A NEW POINT IS ACDED IN AND THE OLDEST POINT IS SUB-

TRACTEC OUT SO TFAT THE SUMS STILL INCLUDE ONLY 2nel

TENTHS OF SECONDS WORTH OF DATA. RECURSIVE COMPUTATIONS

ARE CARRIED OUT IN DOUBLE-PRECISION, FLOATING POINT

ARITHMETIC. THE INDEX REGISTERS ARE RESTORED AND CONTROL

IS TRANSFERRED BACK TO CSOGLS. THE FOLLOWING FORMULAS

ARE USED -

A -- nQn

B = nA

C = (n+l)Q_n_l

= - 2VQ_ 1 + B - (n+l)CWQ 0 WQ_I + UQ_ 1

VQo = VQ 1 - UQ_ 1 +A+ C

= + Qn - Q-n-1UQ 0 UQ_I

Q= (x,Y, z)
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WHERE Gn IS THE POINT BEING ADDED TO THE U,V,W SUMS AND

Q_n_IIS THE POINT BEING SUBTRACTED FROM THE SUMS.

USAGE

CS2GLS IS ENTERED THROUGH CSOGLS EACH TIME A NEW

POINT IS TO BE ADDED OT THE U,V,W SUMS SO THAT A NEW

CURVE FIT BASED ON THE LAST CONTINUOUS 2n + I POINTS

MAY BE OBTAINED.

A) CALLING SEQUENCE -

TSX CS2GLS,4

PZE LITCHSPT)

RETURN

B) STORAGE REQUIRED - 64 LOCATIONS

C) TIMING - 1.47 MILLISECONDS
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ENTER :
FRU¥ C,6

e.*tHmm**o*.*e

CSZGLS

: 2'2_ s, *.CC]MP

• L(SPT) INTO •

• XRI. •

2'S COMP i
IISWTI INTO

XR2, XR3

L (X0)+ 31NTOL (X0)

2'S C_MP (Xn) INTO XR5

• • CS2XR

• . :.............:
• aYES

i*°e • • •

eC3eX DOES C(XRI) - * .............. x- RESIDR_ XR'S•

• * • .I, 2, 3, 5, 6"

• _ • • • :Oe*.•t**H•H*

.*•*e..e..•••.• _*•.ee•ee•*ee._ ...•e••.**.•*•e

i i ,o!2'S COMp L (X n_l) XRl XR_*I

oeeeeee••ee••o• _e.••meoe•°.l.I eemoe•eoe•*m•eo

CSZST

.... i• ) INTO XRI • XR6 xg2-6
INtO XR_

.x ................................

X

***H**Im•**o,e

: nq n A, : COMPUTE

• nA = 13,

: (n+l)q_n_l : c :
•HeeHoo,m•e•e

...*e.e*e•..*e•

WQo= VQ.I-2VQ_ 1

UQ_ I + 13 -(n+l) C

•ee..°,,e.e,**e

vq o _ v__I :

: -Uq_l* A*C •

e.e.tHHHt*••

i tl , IJ@ I • •_o - *...x c3_

..22_:.'_-_::..! "'"
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28. CS3GLS - SUBROUTINE TO GENERATE SOLUTIONS FOR CSOGLS

THIS PROGRAM IS ENTERED THROUGH CSOGLS, THE GENERAL

LEAST S_UARES SMOOTHING PROGRAM_ WHEN THERE ARE 2n + 1

DATA POINTS INCLUDED IN THE U_ V, W SUMS AND WHEN THE SET

UP FINISHED INDICATOR IS SET IN THE SMOOTHING WORKING

TABLE. ITS PURPCSE IS TO COMPUTE AN OUTPUT SOLUTION r% t

v--k AT TIME tk .

INPUT

A)

B)

CONSTANTS -

KOOG01

KO_JO03

K00022

KOIO.O

KO0 .UT

KCH233

TABLES -

TCHSPT

TCt_SWT

TCBDVE

FIXED POINT ONE

FIXED POINT THREE

FIXED POINT TWENTY-TWO

FLOATING POINT TEN

NUMBER OF SECCNOS PER GEMINI TIME

UNIT

FLOATING POINT 806.81364

MASK FOR FLOATING POINT CHARACTER-

ISTIC 233000GCC00_

A 12-LOCATION TABLE CONTAINING

PARAMETERS AND LOCATIONS OF OTHER

TABLES TO BE USED BY CS3GLS AND BY

CSOGLS AND ITS OTHER SUBROUTINES.

A 52-LOCATION WORKING TABLE USED FOR

DOUBLE-PRECISION COMPUTATIONS BY

CS3GLS AND BY CSOGLS AND ITS OTHER

SUBROUTINES.

DATA TABLES, PRESENTLY 601 LOCATION

TABLES FOR VERLORT OR FPS-16 DATA.
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TCBDF6 ONLY ONE TABLE IS SPECIFIED PER

ENTRY.

IN THE TABLES TCHSPT AND TCHSWT, H IS PERSENTLY

F FOR FPS-16 DATA OF V FOR VERLORT DATA .

ONLY TCHSPT IS DIRECTLY INPUT TO CS3GLS, AND THE OTHER

TABLES ARE PICKED UP FROM THE LOCATIONS SPECIFIED IN

TCHSPT. THE ABOVE TABLES ARE USED_ IN GENERALt BY CSOGLS

AND ITS SUBROUTINES. SEE CSOGLS TABLES 2-I THRU 2-3 FOR

TABLE FORMAT DESCRIPTION.)

OUTPUT

T_E OUTPUT IS IN FLOATING POINT IN A ?-LOCATION

TABLE HAVING THE FOLLOWING FORMAT -

tk TIME IN GMT SECSL(OUTPUT VECTORS)

+L X

+2 Y

¢3 Z

*4 X

+6 Z

POSITION VECTOR IN

Tk GEMINI LENGTH UNITS

VELOCITY VECTOR IN

GEMINI VELOCITY

UNITS

METHOD

WhEN CONTROL IS TRANSFERRED TO CS3GLS, THE CONTENTS

OF INDEX REGISTERS L, 2, 3 AND _ ARE SAVED. THE LOCA-

TIONS CF T_E SMOOTHING PARAMETER TABLE (TCHSPT), THE

SMOOTHING WORKING TABLE (TCHSWT) AND THE OUTPUT TABLE ARE

PICKED UP. THE OUTPUT TIMEtt k, IS CALCULATED USING THE

FORMULA - tk=t+ k WHERE t IS THE TIME ASSOCIATED WITH

THE MIDPOINT OF THE 2n + I DATA SPAN CURRENTLY INCOR-
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PORATEC IN THE U, V, W SUMS, AND k IS A PARAME[ER DETER-

MINING THE NUMBER OF SECONDS AWAY FROM THE MIDPOINT TIME

THAT THE SOLUTION WILL BE MADE. THE _ AND _ VECTORS ARE

CALCULATED IN DOUBLE PRECISION, BUT STORED IN THE OUTPUT

TABLE AS SINGLE PRECISION NUMBERS. THE FOLLOWING

EQUATICNS ARE USED -

Qk = All UQ 0 + A12 VQ 0 + A13 WQ 0

(_k = A21 UQ0 + A22 VQ 0 + A23 WQ 0

Q= (x,Y, z)

THE CONTENTS OF THE INDEX REGISTERS ARE STORED AND

CONTROL IS TRANSFERRED BACK TO CS3GLS.

USAGE

CS3GLS IS ENTERED THROUGH CSCGLS TO OBTAIN AN OUTPUT

SCLUTION tk, rk, v k .

IT IS [0 BE ENTERED AFTER 2n + I POINTS HAVE BEEN

INCCRPORATEC INTO THE U, V, W SUMS

A) CALLING SEQUENCE -

TSX CS3GLS,4

PZE L(TSHSPT),,L{OUTPUT tk, rk, vk )

RETURN

B) STCRAGE REQUIRED - 50 LOCATIONS

C) TIMING - I.I06 MILLISECONDS
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• ENTER

• FRGM C,4 •

CS3GLS

• SAVE XR'S •

: 1 Z 3 _,NO 4.*

• L(TCHSPT) •
• INTO XRI •
,to*lair*re•it*

• • C,$_ST

e •NG • XR_ - 1 INTO• •e•
• •ee • e

XR5* XRZ-L •• co.x ClXRS, = l ............... X: INTOXR2. "..._ Bs.
• • XR4xR64 INTO • • •

• • • * • • *'**=•,***..•*.; *'"

;ES

CS3XR

• ............. .

RESTORE XRe$_

: ............. •

• 2'S COMPL •
• LIOUEPUT) •
• INTO XR2. 2'S•

_ OMPL_,%.S.T, :

EXIT

• TO 2,4 •
••**•*••••*•°••

• INTU XR3 2'S"

CDMRL L(Ux 0 ):

• INTO XR4 •

••••••••H•o•••

• t _ L (x8) + L

: _ATA TABLE) :

• t = t-I T •
: _ 'B:

• FLOAT t •

• t k =t + k .

• 3 INTO XR5 •

CS3ST

:Bs:..x:*k AI_UQo :

• .,• : + AI2 VQo

• _ AI3 W_O

:Qk _^2_1'_ : .'".
• 0 •...x Cu•

• . AZZv% : ...

+ A23 WQo
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29. MFBDAS - MONITOR SUFFIX TO CASARC AND CSOGLS

THIS PROGRAM PLACES THE LATEST VECTORS IN THE

BERMUDA VECTOR TABLE AND INDICATES FROM WHICH SOURCE AND

PROCESSOR THEY CAME. {SEE FLOWCHART.)

INPUT

A) TABLES -

TCFSPT (OR TCVSPT}

TCNPWC

TCSRVT

MTFPS (CR MTVER)

THE FIRST OF THE TWELVE-

LOCATION SMOOTHING PARA-

METER TABLE WHICH IS SET

NON-ZERO WHEN A NEW FPS-

16 (VERLORT) SMOOTHED

SOLUTION IS AVAILABLE,

Sf (OR S v )

A CNE-LOCATION TABLE

CGNIAINING THE SUM OF

THE NUMBER OF POINTS (N)

AND THE WEIGHT ASSIGNED

TO EACH POINT{W) INCOR-

PORATED INTO THE SHORT

ARC SOLUTION

A THIRTEEN-LOCATION

TABLE CONTAINING THE

VECTORS PRODUCED BY THE

SHORT ARC PROGRAM, THEIR

ASSOCIATED TIME, AND THE

VARIANCES OF EACH COM-

POmENT

A SEVEN-LOCATION TABLE

CONTAINING THE SMOOIHED
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OUTPUT

A)

B) CONSTANT -

KO10.O DEC lO.O

C) COMMUNICATION CELLS -

MCSAIP

B)

MCSASO

TABLE -

TMBDAV

TMBDAV t

•I x}+2 y

+3 z

COMMUNICATION CELLS -

MCMBOA

178

FPS-16 (VERLORT) SOLU-

TICN

FLOATING POINT TEN

NON-ZERO IF SHURT ARC I.(

IN PROCESS, ZERO OTHER-

WISE, isaip

NON-ZERO IF A SHORT ARC

SOLU[ION IS AVAILABLE,

ZERO OTHERWISE, S
sa

A SEVEN-LOCATION TABLE

CONTAINING THE MOST

RECENT BERMUDA VECTORS

AN_ THEIR ASSOCIATED

TIME IN THE FOLLOWING

FORMAT -

lIME OF VECTORS IN

FLOATING POINT GMT

SECONDS

_, POSITION VECTOR IN

GEMINI LENGTH UNITS

7, VELOCITY VECTOR IN

FLOATING POINT

GEMINI VELOCITY UNITS

BERMUDA SOLUTION AVAIL-
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MCSUPF(ORMCSUPV)

ABLE INDICATOR, SBDA
HAVING ONE OF THE

FOLLOWING VALUES -

0 NO SOLUTION AVAIL-

ABLE

1 SHURT ARC SOLUTION

2 FPS-16 SMOOTHED

SOLUTION

3 VERLORT SMOOTHED

SOLUTION

RESET TO ZERO TO UNSUP-

PRESS FPS-16 (VERLORT)

DATA TABLE MOVE, istmf

(OR istmv )

METHOD

WHEN CONTROL I_. GIVEN TO MFBDAS, IT DETERMINES

FIRST, HHICH OF THE'TWO PROCESSORS {CASARC OR CSOGLS) WAS

USED IN THIS PASS. ONCE THIS HAS BEEN ESTABLISHED,

MFBDAS CHECKS TO SEE IF THE PROCESSOR HAS PRODUCED NEW

OUTPbT VECTORS. IF NO NEW SOLUTION IS AVAILABLE, MCMBDA

IS SET TO ZERO TO INDICATE MISSING DATA ON BERMUDA BEFORE

MFBDAS RETURNS TO MOPRIO.

IF NEW VECTORS HAVE BEEN PRODUCED, THE CELL MCMBDA

IS SET TO SHOW THE SOURCE OF THE VECTORS AND THEY ARE

THEN MOVED TO THE BERMUDA VECTOR TABLE, TMBDAV.

BEFORE RETURNING CONTROL TO MGPRIO, MFBDAS TURNS OFF

THE SUPPRESSION OF THE EDIT ROUTINE AND TURNS OFF ITS OWN

A BIT.

USAGE

MFBDAS IS ENTERED FROM EITHER CASARC, CSOGLS, OR
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MPBDASo

A)

B)

IT EXITS TO MOPRIO.

STCRAGE REQUIRED - 33 LOCATIONS

TIMING (?094) - 042 MILLISECONDSp MINIMUM

132 MILLISECONDSt MAXIMUM
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MFBEX

• BO•..X*MNEOBD* TRNOF- ............... Xl EXIT

MFBSA
• • • • *....=***•..•.*

• "USING SHORT "YES •UNSUPP FPS-16*• x:AZ_VZBLORT:
• ARC* _S 0 isaip • .............. •TABLE MOVES. _ SET istnd , Istmv = 0

• NO

* * RFoMS

• .NO ••• SHORT ARC -H_ ..e• FPS-|6 •
SMOOTHED "_ BS_ • SOLUTION. S •X A9*

NOT = O ea. . e• SOlUsXl_.° Is *
• • f • . *..• • * • •H

• ;ES YES

• SHOW FPS-16 • SHOW SHORT •
SMOOTHED _ *ARC SOIUTION.•

SOLUTION. 2- • L INTO XR[ •
INTO XRI • • LIVECTOR •

llllllllllilJll ttJiJlllllilloi

LIVECTORTABLE) INTO :

RR2 • : TAble,INTO
_*HHH•HH*. _•*...=...••i•_

_X ...............................

NFBHV X • • • MFBRS

• • • C XR1) _TO _ .• • • •••••_ _o,E .... ERL0. -NO
_AS:..X: VE_-TOR INTO • •BSeX SMOOTHED "RAg"

BOA SCL_IION• - • • SOLbEIONSvIO •
• • • TABLE • *• - • "••*

_ES

: .............: i';_'";_;:_;;:
• GET SOURCE IO_ _I_OTHED •

so uEioN.,!• OF VECTDR • INTO XRL
• LIVECTOR

lllllllllllllll llllllllJlJllll

• • PFBEX RFBMV

• -, : ............. :
• VECTOR FROM N_ •••- e**

SHORT ARC. •X BO_ _ TASLEI INTO [..._ AS_

• • XRl=l * ** _ XR2. _ •...•

YES

RFBEX

: ............. : ,,.
•_o._ToP _c:...;• FR FL PI BO_

: SEC;E_PT : ...

MFBMS MFBEX

e'*- _ SHOW HISSING_ *''••
IAg*..X• DATA CN UOA.•...X 80-

• • • 0 INTO SBD A
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0

30. MPSTRP - MONITOR PREFIX TO CCSTRP

MPSTRP SETS UP THE INPUT FOR THE CURRENT ENTRY TO

THE STRIP CHARTS PROCESSOR_ CCSTRP. (SEE FLOWCHART.)

INPUT (NOT APPLICABLE)

CUTPUT

A} COMMUNICATION CELL -

MCSTRO CONTAINS LOCATION OF THE IN-

PUT FOR THE CURRENT ENTRY TO

CCSTRP

METHOD

UPON ENTRY, MPSTRP TURNS ON THE A INDICATOR FOR THE

STRIP CHARTS PROCESSOR AND UNQUEUES THE CURRENT INPUT IN-

TO A TEMPORARY LOCATION. THE ADDRESS OF THE INPUT LOCA-

TION IS THEN TRANSFERREO TO THE CELL MCSTRO AND CONTROL

IS GIVEN TO CCSTRP.

USAGE

MPSTRP IS ENTERED FROM MOPRIO WHEN PRIORITY CONDI-

TIONS PERMIT, IT TRANSFERS CONTROL TO THE STRIP CHARTS

PROCESSOR, CCSTRP.

A} STORAGE REQUIRED - 12 LOCATIONS

B) TI_ING (7094) - .[C3 _ILLISECONDS

C) MPSTRP USED THE PARAMETERS A AND MNSTRP, THE

MACROS TRNCN, QENBZ, QENBA_ AND UNDUE ARE ALSO USED.

p
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: ENTER :

• MPSTRP •

e t TRNON At •

• MNSTRP

** GENBZ

• UNQUE MNSTRP •
INTO NSTQ *

QENBA •

! "ST0'NTOiMCSTRO FOR
CCSTRP

EXIT •

• CCSrRP *
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31. CCSTRP - LAUNCH STRIP CHARTS PROCESSOR

GIVEN A t,_,and_ THIS PROGRAM COMPUTES THE DEVIA-

TIONS GF v/v r AND _(FLIGHT PATH ANGLE) FROM THEIR NOMINAL

VALUES. THIS PROGRAM IS USED EVERY COMPUTING CYCLE

DURING NORMAL LAUNCH TO COMPUTE THESE DEVIATIONS FOR BOTH

IP-?0g0 AND B-GE VECTORS. (SEE FLOWCHART.}

INPUT

A) THE ADDRESS OF AN ELEVEN-LOCATION TABLE IS CON-

TAINED IN THE ACCUMULATOR |AC) UPON THE ENIRY TO

THIS PROGRAM. THE FIRST SEVEN LOCATIONS OF THE

TABLF CONTAIN t IN FLOATING POINT SECONDS AND

THE COMPONENTS OF T AND T IN FLOATING POINT

GEWINI UNITS.

B) LIBRARY SUBROUTINES UISQRT, U3VMAG AND UIASCO

ARE USED.

C) CONSTANTS -

K000nl FIXED POINT ONE

KO_C_3 FIXED POINT THREE

KGUFTT FLOATING POINT GEMINI LENGTH UNIT IN

FEET

KFTSCG FLOATING POINT GEMINI VELOCITY UNIT IN

FEET/SECOND

D) COWWUNICATION CELLS -

MCTSEC CONTAINS THE BEST ESTIMATE OF SSCO IN

E}

MCLFTM

TABLES -

TCSTAG

GMT FLOATING POINT SECONDS.

CONTAINS GMT OF LIFTOFF IN FLOATING

POINT SECONDS.

CONTAINS NOMINAL TIME OF STAGING IN
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TPVRQD

TPVVRB

IPYNMB

TPVVRA

TPYNMA

FLOATING POINT SECONDS.

C04TAINS THE aDDRESS OF CONSTANTS AND

DEGREE OF CURVE FIT USED TO COMPUTE v R

CCNTAINS THE aDDRESS OF CONSTANTS AND

DEGREE OF CURVE FIT USED TC COMPUTE

(V/VR)no m BEFORE STAGING.

CONTAINS THE _DDRESS OF CONSTANTS AND

DEGREE OF CURVE FIT USED TO COMPUIE

(_ BEFORE STAGING.
nom

CONTAII_S THE ADDRESS OF CONSTANTS AND

DEGREE OF CURVE FIT TO COMPUTE

(V/V R) nOm AFTER STAGING.

CONTAINS TIIE aDDRESS OF CONSTANTS AND

DEGREE OF CURVE FIT USED TO COMPUTE

(y) AFTER STAGING.
nom

OUTPUT

THE TENTH AND ELEVE,_TH LOCATIONS OF THE I_PUT TABLE

CONTAIN (V/VR)-(V/VR)no_ND_ y- _o_PON EXIT FROM THE PROGRAM.

OUTPUT IS IN FLOATING PUINT DIMENSICNLESS FORMAT AND

FLOATING POINT RADIANS, RESPECTIVELY.

METHOD

FIRST, THE VELOCITY REQUIRF:D(v R) IS COMPUTED USING

i/2 i/2

v R=k6 #e I rl +k7 _e
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WHERE

k6Del/2and k7P:/2 ARE CURVE FIT CONSTANTS

[rJ IS THE MAGNITUDE OF THE POSITION VECTOR IN FEET

IS THE SQUARE ROOT OF THE POSITION VECTOR

MAGNITUDE IN FEET

THUS, v/v R IS EASILY COMPUTED, WHERE v IS THE MAGNI-

TUDE UF THE VELOCITY VECTOR IN FEET/SECOND,

THE FLIGHT PATH ANGLE(y) IS THEN COMPUTED USING

Y= arcsin r" v

Irl IvI

where r, v, Irl, andlvl are a,l in Gemini units.)

BCTH(V/VR)nomANO Ynom ARE COMPUTED USING POLYNOMIAL

CURVE FITS. THE SPECIFIC CURVE FIT IS CHOSEN IN THE FOL-

LOWING MANNER -

A) IF THE TIME OF THE INPUT VECTOR IS LESS THAN THE

NOMINAL TIME OF STAGING, THE ''BEFORE STAGING''

CURVE FITS ARE USED TO COMPUTE BOTH (V/VR)nomAND... Ynom

THE INDEPENDENT VARIABLE IS tINPUT--tLIFTOFF .

B) IF THE TIME OF THE INPIIT VECTOR IS EQUAL TO OR

GREATER THAN THE NUMINAL TIME OF STAGING, THE

''AFTER STAGING'' CURVE FITS ARE USED TO COMPUTE

B O T H (V/VR) nom AN D Ynom"

I) IF tssco HAS NOT BEEN SET, THE INDEPENDENT

VARIABLE USED IN THE CURVE FITS IS tLNPUT--tLIF_I_DFF"

2) IFtssco,HAS BEEN SET, THE INDEPENDENT VARI-

ABLE IS tssco-tLIFTOFF.

PLOTS OF THE NOMINAL VALUES OF v/v R ANDy VS TIME

SINCE LIFTOFF ARE SHOWN IN CCSTRP FIGURES i THROUGH 4 FOR

BOTH GT-2 ANE_ GT-3.
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USAGE

A)

B)

C)

D)

CCSTRP IS ENTERED THROUGH ITS PREFIX MPSTRP AND

TRANSFER CONTROL TO ITS SUFFIX MFSTRP.

STORAGE REQUIRED -

104 LOCATIONS EXCLUDING SPACE REQUIRED BY EXTER-

NAL CONSTANTSt TABLES AND SUBROUTINES.

TIME REQUIRED (MAXIMUM ?094) -

1.414 MILLISECONDSt EXCLUDING TIME REQUIRED BY

UIASCO.

ERROR CONDITIONS -

CCSTRP HAS NO ERROR RETURN.
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: E.TER :
..Htiimoi..***

CCSTRR

*SAVE XR'S 2'S*

• CURP LIlNPUT*
• TABLE) INT0 •
• XR!
*HiHIiliH***

CCSVI

•""'6_ .....•
COMPUTE

•.irl(ozMmlUNITS&"

• CONVERT *

: ]rl TO FTI :

U1SQRT

** COMPUTE •.

"...._._ (Ft_ ."

Vr = 6 e 7 e

H,••HHHHO*

CCSV2

: U3VMAG :

• COMPUTE *

Iv[ (GEMINI UNITS)

:lvl TOFT/SEC:

: COMPUTE :

i v/v R (FT/SEC)

*****•******H*

:A _'_'": :*...
• l_l ,vl .... xi__ .
:[tW[_,. yyL_._: ....

L92
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_*** I* UIASCO **

*B0 * COMPUTE *

.... ..._:._'_2_._...

• *NO

• _SCO = 0 * . .......................

CCSNS CCSSS

• t INPUT i* t_SCO *

- tLIFTOF F : : -t LIFTOFF :

.o INTO t • • INTO t •
!i!11t_1t!11111 tttlttlttlltlll

• *NO

• * t LT tSTAGIN G *

• • _ES

i

:_,vRJnom 5 :
+ 89 3 89 t 2k 4 t + k 3

***Hi*H***II*

***Hilillllit*

: 89 t 6 :

:(_)_om:k_1 •
+ 89 5 89 4 *

Ir_ot +k19 t

• ..................... x:

CCSAS

89 4+ 89 3
_+• kl2t kllt _

_+klo t
ss ]

:+ks

:............. : :........ _;.;-:
+ 89 3 89 2 89 89 :(T) nora = _6 t :

89 t 3 89 2 *
kl8 t * k17 t + k16 t + k15 _ + k25 + k24t *

: ............. :
• 89 89

• +k23 t + k22

• •

:X ............................... :

CCSEN

IIIHHHIIiIII

.lmH_,*******o

X

(_)- (_)_om _TO _0,2

: ............. :

CCSRX

IRES[0RE INDEX: ............... X: EXIT :

• REGISTERS * * EO MFSTRP
• etelilleeolille

**.H*.***II***
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32. MFSTRP - MONITOR SUFFIX TO CCSTRP

MFSTRP EXAMINES AND CONTROLS THE INPUT TO THE

COLLECTION PROCESS AND TO THE MAIN LAUNCH CALCULATIONS

PROGRAMt CCMAIN. (SEE FLOWCHART)

INPUT

A) TABLES -

TMRV3G

TMRV3G

AN ELEVEN-LOCATION TABLE

CONTAINING THE B-GE INPUT

VECTOR ARRANGED AS FOLLOWS -

t VECTOR TIME TAG IN

FLOATING POINT GMT

SECONDS

÷I x

+2 y

*3

*4

*5

*6

*7

*8

÷9

÷I0

POSITION VECTOR IN

FLOATING POINT

GEMINI

LENGTH UNITS

VELOCITY VECTOR IN

FLOATING POINT

GEMINI

VELOCITY UNITS

DATA SOURCE

DATA QUALITY

DEVIATION OF VELOCITY RATIO

FROM NOMINAL

DEVIATION OF FLIGHT PATH

ANGLE FROM NOMINAL
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B|

TMRV31 AN ELEVEN-LOCATION TABLE

CONTAIkING THE IP-7094 INPUT

VECTOR AND ARRANGED IN THE

SAME MANNER AS TMRV3G.

COMMUNICATION CELLS -

NCGMLM CONTAINS MAXIMUM ALLOWABLE

FLIGHT PATH ANGLE DEVIATION

FROM NOMINAL.

MCVRLM CONTAINS MAXIMUM ALLOWABLE

VELOCITY RATION DEVIATION

FROM NOMINAL.

OUTPUT

A)

B)

TABLES -

TMSCGB A SEVEN-LOCATION TABLE

CONTAINING THE LATEST B-GE

VECTOR PROCESSED AND ITS

ASSOCIATED TIME TAG.

TMSCIP A SEVEN-LOCATION TABLE

CONTAINING THE LATEST IP

3600 VECTOR PROCESSED AND

ITS ASSOCIATED TIME lAG.

COMMUNICATION CELLS -

MCSCGB NON-ZERO IF B-GE VECTOR HAS

BEEN PROCESSED.

MCSCIP NON-ZERO IF IP 3600 VECTOR

HAS BEEN PROCESSED.

MCSOUR CONTAINS DATA SOURCE

IDENTIFICATION FOR SOURCE TO

BE USED IN COLLECTION

PROCESS.
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METHOD

MFSTRP DETERMINES WHETHER EITHER THE COMPUTED

DEVIATION OF THE VELOCITY RATIO OR OF THE FLIGHT PATH

ANGLE FALLS WITHOUT ITS LIMIT. IF IT DOESt MFSTRP SETS

AN INDICATOR NON-ZERO TO FORCE EXCLUSION OF IHIS VECTOR

FROM THE COLLECTION TABLE.

AFTER CETERMINING THE SOURCE OF THE CURRENT VECTOR,

MFSTRP MOVES THE VECTOR TO THE INTERMEDIATE BUFFER USED

BY THE HALF-SECOND TRAP PROCESSOR, MTHSFC. {THE INTER-

MEDIATE BUFFER IS TMSCGB, IF THE VECTOR IS FROM B-GEt OR

TMSCIP, IF THE VECTOR IS FROM IP 36C0.)

IF THE VECTOR IS TO BE ADDED TO THE COLLECTION

TABLE_ IT IS MOVED TO THE APPROPRIATE COLLECTION TABLE BY

THE SUBROUTINE COCOLLECT. MFSTRP T_EN RETURNS CONTROL TO

MOPRIO°

USAGE

MFSTRP IS ENTERED FROM THE STRIP CHARTS PROCESSOR,

CCSTRP, IT EXITS TO MOPRIO.

A) STORAGE REQUIRED - 4L LOCATIONS

B) TIMING 17094) - .L44 MILLISECONDS, MINIMUM

.227 MILLISECONDS, MAXIMUM

C) MFSTRP USES THE PARAMETERS A AND MNSTRP, THE

MACROS _ENBZ, QENBA, TRNUF ARE ALSO USED.
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: ENTER :

• RFSTRP •
llllllltllitlil

• " "';NO. ." *.NO ;.............:
• ABORT MODE • *•o • •

• SIGNAL • ........ •BIeX B/GE DAIA • .............. X_ IP OAIA o*
RECEIVEO • • • * •

• ;ES " • ;ES

• • V/VR • •NO •l•li*•••••••**•

• DEVIATION ••
• G.Ir. NAX • ........ * (QE NBZ

• ALLOWABLE •
• DEV. • •• e•

• H*H•H**••*••

• _fES

• TO COLLECT •
• THIS VECTOR •

• NON O INTO e•FSRP$

"X .................

• • •NO

• e Y-Ynom DEV.GT • e ........

• * MAX, DEV. . •

,_Es

• TO COLLECT •

1 THIS VECTOR
NON O INTO

• FSRP5 *

ix .................

• * * * •NO HI

• DATA QUALITY •
• WORD REJECT •2 BL_

DATA * • •

• • **

• YES

i INO SET NOT • •••TO COLLECTFHiS VECTD": IBm:
• NON 3 INTO • • •

• FSRP5 * ••*

** QENBZ

• SHOW NEW B/GE* * SHOW NEW IP *

• VECTOR NON O I _ VECTOR NON _•
• INTO MCSCGB • INTO HCSCIP •

:.............: :..............

HOVE VECTOR
INTO _ ..........

INTERMEDIATE*

• BUFFER TMSCGB•

• MOVE VECIOR *
• INTO *
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• BUFFER TMSC|Pe

i

• QENBA •

• :oloVECoRN
* BE COLLECTED * ........

• FSRPS=} *

• * _ES

• COLLECT PLACE*

i VECTORINPROPER
COLLECTION

TABLE

_X .................

X

• RESET •

i  OLL CTIO"INDICATOR 0

INTO FSRP5

• * ............ X_ EXIT• TRNOF A
MNSI_P • • NOPRIO •

•1
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33. MPCCMN - MONITOR PREFIX TO CCMAIN.

INPUT

INPUT TO MPCCMN CONSISTS OF TELEMETRY AND OTHER SIG-

NALS NECESSARY FOR THE CHOICE OF THE PROPER INPUT TO

CCMAIN AND PROPER CONTROL OF LAUNCH COMPUTATIONS AND DATA

FLOW. ( SEE FLOWCHART.)

OUTPUT

UPON EXIT, MPCCMN HAS INDICATED TO CCMAIN OR

MFCCMN THE APPROPRIATE VECTOR AND TELEMETRY SIGNALS,

USAGE

MPCCMN IS ENTERED FROM MOPRIO AND EXITS TO CCMAIN

OR MFCCMN.

A) STORAGE REQUIRED -

1380 LOCATIONS

8) MACROS -

QENBZ

QENBA

TRNON

TRNOF

QUEUE

C) PARAMETERS -

A B

C MNCCMN

MNEDBD MNMPRK

MNSENS MhNSRS

MNMESS

D) SUBROUTINE -

SUMATE
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CUPDAT

El CONSTANTS

K0O_00

KOC003

KOQO.5

KO05.0

KO020.

KCH233

F) TABLES

TMSCGB

TMCYCL

TMOUT6

TMBDAV

TCFSWT

TMILVC

TMSUM4

G) COMMUN

MCREST

MCPABM

MCPAAA

MCTEND

MCPABS

MCPIRR

MCLTTL

MCUABM

m

KO0001 KO0002

KO0010 KO0015

KO02.0 K004.5

KOIO.O KOIO.O

K8.3M3 KCH232

o

TMLANA TMSCIP TMSIGV TM8.3M TCCOUT

TMCYNO TMOUTI TMOUT3 TMOUF4 TMOUT5

TMOUT7 TMLHGB TMLHBD TMLIPB TMLIPC

TCGMTI TCNPWC TMHEDV TMHEDF TCVSWT

TCBDVE" TCBDF6 TABEDT TMGLVC TMILVB

TMBLVC TC.ONT TMfHTI TPRAM6 TMSUMI

TMSUM5 TMSUM6 TMSUM7 TMSLMN TMSLMF

ICATION CELLS -

MCLFTM MCCFHP MCFVEC MCPSEL MCABMC

MCLIFT MCELFT MCSCUT MCPSSC MCAAAB

MCSECO MCPSEC MCSCTI MCIBEG MCENDT

MCSPSE MCPSPS MCORPS MCPORP MCABPS

MC4RRF MCP4RR MCNRRF MCPNRE MCIRRF

MC2RRF MCP2RR MCP3RR MCERRS MCPERS

MCSBDA MCSSOR MCS|NP MCHFSC MCCURT

MCSGNG MCBSUM MCISEC MCTBAR MCISUM

MCLAST MCBGNG MCLIMP MCDTCL MCACTV

MCPROG MCMBDA MCPBDA MCMISD MCMIDA

MCLIDT MCLLIN MCLLOT MCMINT MCFSIN

MCSUMS MCIPBS MCXXXX MCBSUM MCDISP

MCESSC MCEAAA MCESEC MCE4RR MCE3RR

MCEIRR MCEERS MCERTS MCESPS MCEORP

MCCCMD

MCFRST

MCCURV

MCMAXT

MCEABM

MCE2RR

MCEABS
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METHOD -

A) IF LIFTDFF HAS NOT OCCURED OR THERE IS NO DATA,

CONTROL IS RETURNED TO MOPRIO. IF AVERAGE VECTOR

COMPUTATIONS ARE BEING DONE ITHE BOOSTER GO/NO-GO

RECOMMENDATIONS HAVE BEEN CUMPLETED.) CONTROL IS

PASSED TO PARAGRAPH (BI. OTHERWISE, STRIP CHARTS

DEVIATION QUANTITIES ARE MOVED INTO THE PROPER OUT-

PUT LOCATIONS FOR DISPLAY.

B) THE INPUT VECTOR IS SAVED IN TEMPORARY STORAGE

AND INPUT TELEMETRY SIGNALS ARE SAVED IN INTERME-

DIATE STORAGE. CURRENT TIME IS COMPUTED AND STORED.

SELECTED TELEMETRY EVENTS ARE CHECKED AND A MESSAGE

IS PRINTED FOR EACH EVENT WHICF HAS OCCURED.

IF ABORT MODE THREE {AM3) HAS NOT OCCURED, CON-

TROL IS PASSED TO PARAGRAPH [C). IF AM3 HAS OC-

CURRED BUT NEITHER SUSTAINER ENGINE CUTOFF (SECO),

SECOND STAGE CUTOFF (SSCO), NOR ASTRONAUT ACTUATED

ABORT (AAA) HAS OCCURED, CONTROL IS PASSED TO PARA-

GRAPH [C). IF AM3 AND EITHER SECO, SSCO, OR AAA HAS

OCCURRED AND THE TIME OF THE END OF POWERED FLIGHT

HAS BEEN SET, CONTROL IS PASSED TO PARAGRAPH (E).

IF AM3 AND EITHER SECO, SSCO_ OR AAA HAS OCCURRED

BUT THE TIME OF THE END OF POWERED FLIGHT HAS NOT

BEEN SET, THE TIME OF TIIE END OF POWERED FLIGHT IS

ESTABLISHED AND CONTROL IS PASSED TO PARAGRAPH {El.

C) IF THE TIME OF THE END OF POWERED FLIGHT HAS NOT

BEEN ESTABLISHED, CONTROL IS PASSED TO PARAGRAPH

(D). IF THE TIME OF THE END OF POWERED FLIGHT HAS

BEEN ESTABLISHE,D, ALL INDICATORS WHICH REFLECT POWER

CUTOFF ARE RESET TO POWERED FLIGHT STATUS. THE BER-

MUDA HIGH-SPEED LINES ARE DE-ACTIVATED AND CONTROL

2O0
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IS PASSED TC PARAGRAPH (D).

D) THE PROPER VECTOR IS STORED AS INPUT, TO CCMAIN

WITH ALL INPUT AND OUTPUT PARAMETERS PROPERLY SET.

EFFECTIVE TELEMETRY SIGNALS ARE SET FOR USE BY

CCMAIN AND MFCCMN. IF THERE IS NO NEW VECTOR FOR

CCMAIN, PROPER INDICATORS ARE SET TO USE THE LAST

INPUT VECTOR AS INPUT TO CCMAIN. CONTROL IS PASSED

TO CCMAIN.

E) THE STATUS OF THE SPACECRAFT THRUSTING INDICATOR

IS RECORDED FOR USE IN UPDATING AVERAGED VECTORS. AT

THE PROPER TIME THE BERMUDA HIGH-SPEED LINES ARE

ACTIVATED.

IF THE BOOSTER GO/NO-GO RECOMMENDATIONS HAVE

BEEN COMPLETED, CONTROL IS PASSED TO PARAGRAPH (H].

IF THE BOOSTER GO/NO-GO RECOMMENDATIONS HAVE NOT

BEEN COMPLETED, BUr THE RECOMMENDATIONS SHOULD BE

COMPUTED, CONTROL IS PASSED TO PARAGRAPH (F).

OTHERWISE CONTROL IS PASSED TO PARAGRAPH (D).

F) IF THERE ARE VECTORS FROM GE/B IN THE COLLECTION

PERIOD, THE GEIB VECTORS ARE AVERAGED FOR USE IN

THE GO/NO-GO COMPUTATIONS. OTHERWISE THE LAST VEC-

TOR FROM GE/B IS USED AS INPUT. IF THERE ARE VEC-

TORS FROM IP-3600 IN THE COLLECTION PERIOD, THE

IP-3600 VECTORS FROM THE MISTRAM, AZUSA, FPQ-bt OR

FPS-16 RADARS ARE AVERAGED TO OBTAIN A VECTOR FOR

USE IN THE GO/NO-GO COMPUTATIONS. IF THERE ARE NO

VECTORS FROM IP-3600 IN THE COLLECTION PERIOD, THE

LAST VECTOR FROM IP-3600 IS USED AS INPUT. THE OR-

DER OF COMPUTING THE GO/NO-GO RECOMMENDATIONS IS

ESTABLISHED. IF BERMUDA IS NOT THE SELECIED SOURCE,

CONTROL IS PASSED TO PARAGRAPH (G). IF BERMUDA IS

THE SELECTED SOURCE, THE LATEST VECTOR OBTAINED FROM

Z01



VOL III REAL TIME PROCESSORS PART I - LAUNCH/ABORT

THE BERMUDA DATA IS USED AS INPUT FOR THE BERMUDA

GO/NO-GO COMPUTATIONS.

G) ALL INPUT AND OUTPUT PARAMETERS FOR CCMAIN AND

MFCCMN ARE PROPERLY SET. MISSING DATA INDICATORS

ARE PROPERLY SET OR RESET. IF THE INPUT DATA IS

ZERO, CONTROL IS PASSED TO MFCCMN. OTHERWISE CON-

TROL IS PASSED TO CCMAIN.

H) IF A VECTOR HAS EVER BEEN OBTAINED FROM BERMUDA

DATA, THE LATEST BERMUDA VECIOR IS INTEGRATED UP TO

CURRENT TIME. IF NO BERMUDA VECTOR HAS EVER BEEN

RECEIVED, THE OUTPUT BLOCK FOR BERMUDA IS SET TO

ZERO. IF THERE ARE SPACECRAFT VECTORS FROM IP-3600

IN THE COLLECTION PERIOD, THE IP-3600 VECTORS FROM

THE FPQ-6 OR FPS-16 RADARS ARE AVERAGED AND INTE-

GRATED TO CURRENT TIME. IF THERE ARE NO SPACECRAFT

VECTORS IN IHE COLLECTION PERIOD, THE LAST VECTOR

RECEIVED IS INTEGRATED TO CURRENT TIME. IF NO CAL-

CULATIONS SHOULD BE PERFORMED THE PROPER OUTPUT PA-

RAMETERS ARE SET, THE MISSING DATA INDICATORS ARE

SET OR RESET, AND CONTROL IS PASSED TO MFCCMN. IF

CALCULATIONS SHOULD OCCUR CONTROL IS PASSED TO PA-

RAGRAPH (G).
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*HH•I•••.••eH• ••H••••.•••.••

QUEUC MNMLSS •• TO PRIN[

EVENT ANF) T

• ON-LINE •

• * ENABLE

PLPR2

:.............: :.............: .,.
• RESTURE LOUNI• • • • •

• OF k[MAININ&• ................. X• xR¢-| INI_J °...X U¢-
• EVENTS r(J • XR_

• CHECK • •••e•eem•eeeemem" ••e
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PCGED

: ENTER : ............... X: SAVE _RI AND:

* PEGEO * !_eomeQ_*eeee*:
•o••utee•e•le*•

• Irk INT0 SEE*
LOC OF CALL *

• SEQ FOR *
CUPOAT

oeelenoeoww••••

• CORPARE VEC *

i T* WITH Y INJTHRUST TABLE•
TP 2 INTO P •

PCGEV • _ •

• • • • * e** • CLOSEST

• B3*X TP = OR LESS * ........ •C3*..X• TO BUT •
• * • THAN TI * • • • GREATER TH_N•

0• ** •TI-P-L INTb pe
• • **•*****•**r*•.

• PCGER
• *H•*••**•mH•m

• * B = OR eYeS em••. r••• : TP INT0

• STORAGE FORGREATER THAN •X E3* •Cke..X• i
• • • * * • *USE BY CUP_AT*

• H****••*****••

_ PC_EV

• P*I INTO P ...._ 83: •

X

• • PCGUE

• ,VES * ............. ** ...
T,RUSTI,_ AT ............... _: NOTE- , INTO:...I CT:

• THIS TIME * : THRUST _ *••.•

• **•o•••••••.•••

NO

:0 INTO THRUST:

PCGDE

*••• • --CUPUAT-- ••

*CT*X INTEGRATE
• • * VECTOR TO TP •

r

• • PCGER

* • r rYES ***•r .......... : ••*

.ORE TI,ES IN ............... x: P-_ l_roP :..._c_:
• TABLE • : * ,*•

• *•r•••*•**••H*

NU

PCGEO

r•°*,•****••,*•

REsTOR_ xr ............... EXIT
I: X:

t

AND _ * • TRA 2,_ •
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34. CCMAIN - LAUNCH MAIN CALCULATIONS PROGRAM

THIS PROGRAM IS USED DURING THE LAUNCH PHASE TO PRO-

DUCE THE REQUIRED QUANTITIES FOR OUTPUT DISPLAYS. {SEE

FLOWCHART.)

INPUT

A) TABLES

TCSTAG

TC •ONl

TC.ONA

TC.ONT

TPVVRB

TPVVRA

TPYNMB

A ONE-CELL TABLE CONTAINING THE NO-

MINAL TIME OF STAGING IN FLOATING

POINT SECONDS SINCE LIFT-OFF.

A ONE-CELL TABLE CONTAINING THE NO-

MINAL TIME FROM SECOND STAGE CUT-

OFF TO MINIMUM DELAY GMT IN FLOATING

POINT SECONDS, N 1

A ONE-CELL TABLE CONTAINING THE NO-

MINAL OAMS ACCELERATION IN FLOATING

POINT GEMINI ACCELERATION UNITS, N
a

A ONE-CELL TABLE CONTAINING THE NO-

MINAL DAMS THRUSTING TIME IN FLOAT-

ING SECONDS, N t

A THREE-LOCATION TABLE CONTAINING

THE PARAMETERS USED TD COMPUTE IHE

NOMINAL VELOCITY RATIO BEFORE

STAGING OCCURS

A THREE-LOCATION TABLE CONTAINING

THE PARAMETERS USED TO COMPUTE THE

NOMINAL VELOCITY RATIO AFTER STAGING

OCCURS

A THREE-LOCATION TABLE CONTAINING

THE PARAMETERS USED TO COMPUTE THE
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B)

TPYNMA

CONSTANTS

KO0001

KO0002

KO0003

KO0£.O

KOO.SG

NOMINAL FLIGHT PATH ANGLE BEFORE

STAGING OCCURS

A THREE-LOCATION TABLE CONTAINING

THE PARAMETERS USED TO COMPUTE THE

NOMINAL FLIGHT PATH ANGLE AFTER

STAGING OCCURS

DEC I FIXED POINT ONE

DEC 2 FIXED POINT TWO

DEC 3 FIXED POINT THREE

DEC I.O FLOATING POINT ONE

CONVERSION FROM SECONDS TO GEMINI

TIME UNITS

K.7OKM 70,000 FEET IN FLOATING POINT GEMINI

LENGTH UNITS

COMMUNICATION CELLS

MCEAAA CONTAINS TIME OF ASTRONAUT ACTUATED

ABORT (AAA) IN GMT FLOATING POINT

SECONDS

MCEABM CONTAINS TIME OF ABORT MODE CHANGE-

OVER (AMC) IN GMT FLOATING POINT

SECONDS

MCERTS CONTAINS TIME OF EMERGENCY RETRO

SALVO IN GMT FLOATING POINT SECONDS

MCESPS CONTAINS TIME OF SPACECRAFT SEPARA-

TION IN GMT FLOATING POINT SECONDS

MCLFTM CONTAINS TIME OF LIFT-OFF IN FLOAT-

ING POINT SECONDS

MCLLIN CONTAINS ADDRESS OF INPUT TABLE FOR

THIS PASS

MCLLOT CONTAINS ADDRESS OF OUTPUT TABLE FOR

THIS PASS
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MCMISD

MCTSEC

MCCFHP

CONTAINS TIME OF MISSING DATA IN GMT

FLOATING POINT SECONDS

CONTAINS COMPUTER°S BEST ESTIMATE OF

SUSTAINER ENGINE CUTOFF TIME IN GMT

FLOATING POINT SECONDS

NON-ZERO IF AVERAGE VECTORS COMPUTA-

TIONS ARE DESIRED

OUTPUT

A} TABLE

L(OUTPUT) THE OUTPUT TABLE SPECIFIED BY THE

ADDRESS OF MCLLOT CONTAINS THE QUAN-

TITIES COMPUTED FOR OUTPUT DISPLAYS

FROM THE INPUT VECTORS AND THEIR

ASSOCIATED TIME (SEE CCMAIN OUTPUT

TABLE.)

METHOD

AFTER SAVING THE CONTENTS OF INDEX REGISTERS 1t2 AND

AND OF THE SENSE INDICATORSt C:MAIN PICKS UP THE AD-

DRESSES OF THE INPUT AND OUTPUT TABLES TO BE USED. IT

THEN TESTS THE EVENT CELLS AND PROCEEDS ACCORDINGLY,

A) IF MCCFHP IS NON-ZEROt THE HOLD PHASE OF LAUNCH

PROCESSING HAS BEEN ENTERED. CONTROL IS THEN

TRANSFERRED TO THE CFCFAV SUBROUTINE WHICH PER-

FORMS THE AVERAGE VECTORS COMPUTATIONS ON THE

INPUT VECTORS AND STORES THE RESULTS IN THE SPE-

CIFIED OUTPUT TABLE. WHEN CONTROL IS RETURNED

TO CCMAIN_ THE INDEX REGISTERS AND SENSE INDICA-

TORS ARE RESTORED AND TRANSFER IS MADE TO THE

SUFFIXt MFCCMN.
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B) IF MCCFHP IS ZERO, CONTROL IS GIVEN TO THE SUB-

ROUTINE_ CPRVCM, WHICH PERFORMS ALL PRESENT VEC-

TORS COMPUTATIONS. THE RESULTS ARE THEN PLACED

IN THE INTERNAL STORAGE TABLE OF THE SUBROUTINE.

CONTROL PASSES TO C}.

C) IF MCMISD IS ZERO, CONTROL IS PASSED TO D}. IF

MCMISD IS NUN-ZERO, THIS IS A MISSING DATA ENTRY

AND CCMAIN DETERMINES WHETHER OR NOT SUSTAINER

ENGINE CUTOFF HAS OCCURRED. IF IT HAS AND THE

TIME OF THE MISSING DATA ENTRY IS GREATER THAN

THE TIME OF SUSTAINER ENGINE CUTOFF, NO COMPUTA-

TIONS OF THE VELOCITY RATIO AND THE FLIGHT PATH

ANGLE ARE MADE SINCE THE CURVE FITS ARE FROZEN

TO SUSTAINER ENGINE CUTOFF TIME.

IF, HOWEVER, EITHER SUSTAINER ENGINE CUTOFF

HAS NOT OCCURRED OR THE TIME OF THE MISSING DATA

ENTRY IS EARLIER THAN THE TIME OF SUSTAINER EN-

GINE CUTOFFv THE MISSING DATA TIME IS CONVERTED

TO ELAPSED TIME SINCE LIFI-OFF AND IS COMPARED

TO THE NOMINAL TIME OF STAGING.

THE RESULTS OF THIS COMPARISON DETERMINE

WHICH SET OF NOMINAL CURVE FITS WILL BE USED IN

THE COMPUTATION OF THE VELOCITY RATIO AND THE

FLIGHT PATH ANGLE. THE RESULTS OF THE COMPUTA-

TION REPLACE THE VELOCITY RATIO AND THE FLIGHT

PATH ANGLE PRODUCED BY THE CPRVCM SUBROUTINE.

D) CPRVCM ARE NOW TRANSFEERED TO THE SPECIFIED OUT-

PUT TABLE.
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E} IF MCEABM IS NON-ZERO, ABORT MODE CHANGEOVER

(AMC) HAS OCCURRED AND CCMAIN SETS THE ABORT

MODE INDICATOR TO SHOW THAT ABORT MODE 3 IS NOW

IN EFFECT (I.E., IF AN ABORT OCCURS, THE RETRO-

ROCKETS WILL BE RIPPLE FIRED TO SLOW IHE SPACE-

CRAFT DOWN RATHER THAN SALVO FIRED TO ACHIEVE

SEPARATION OF SPACECRAFT AND BOOSTER).

THE MINIMUM DELAY TIME TO RETROFIRE DELTAt r min
IS THEN COMPUTED AS FOLLOWS -

DELTA trmin= N1 IF EITHER SUSTAINER ENGINE

CUTOFF HAS NOT OCCURRED OR

HAS OCCURRED BUT HAS AN

ASSOCIATED TIME EQUAL TO OR

GREATER THAN THE TIME OF THE

INPUT VECTORS.

DELTAt rmin=(tssco + Nl-ti), IF SUSTAINER ENGINE

CUTOFF HAS OCCURRED A_D ITS

ASSOCIATED TIME IS LESS THAN

IHE TIME OF THE INPUT VEC-

TORS.

FOLLOWING THIS COMPUTATION, CCMAIN DECIDES

WHETHER AND BY HOW MUCH THE GIVEN VELOCITY VEC-

TOR MUST BE MODIFIED TO REFLECT OAMS BURN FOR

SPACECRAFT SEPARATION. THE FINAL VELOCITY VEC-

TOR IS PLACED IN THE OUTPUT TABLE AND CCMAIN

EXITS TO ITS SUFFIX, MFCCMN, AFTER RESTORING IN-

DEX REGISTERS AND THE SENSE INDICATORS.
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F) IF AMC HAS NOT OCCURRED, BUT MCEAAA IS NON-ZERO

(I.E., ASTRONAUT ACTUATED ABORT (AAA) HAS OC-

CURRED), CCMAIN CHECKS THE TIME OF EMERGENCY

RETRO SALVO (te.r.s.).

IF EMERGENCY RETRO SALVO HAS NOT YET OC-

CURRED, THIS TIME HAS NOT BEEN SET, AND THE

BOSTER AND SPACECRAFT ARE STILL JOINED. THUS,

THE GIVEN VELOCITY VECTOR PROVIDES THE MOST

ACCURATE DESCRIPTION OF THE SPACECRAFTtS SPEED

AND IS PLACED IN THE OUTPUT TABLE WITHOUT MODI-

FICATION, AND CONTROL PASSES TO 3).

IF EMERGENCY RETRO SALVO HAS OCCURRED, BUT

THE SOURCE OF THE VECTORS IS TRACKING THE SPACE-

CRAFT, THE GIVEN VELOCIIY VECTOR REFLECTS THE

EFFECT OF RETRO SALVO. THUS, IN THIS CASE ALSO,

THE VECTOR MAY BE PLACED IN THE OUTPUT TABLE

WITHOUT MODIFICATION. CONTROL IS THEN TRANS-

FERRED TO 3).

IF, HOWEVER, EMERGENCY RETRO SALVO HAS OC-

CURRED AND THE VECTORS ARE FROM A SUURCE TRACK-

ING THE BOOSTERt THE FOLLOWING STEPS ARE TAKEN -

i) THE TIME OF EMERGENCY RETRO SALVO IS SAVED

IN INTERNAL STORAGE.

2) THE SUBROUTINE CD_LTV IS THEN ENTERED TO UP-

DATE THE INPUT VELOCIIY VECTOR [0 REFLECT

RETRO SALVO BASED ON THE FIRING OF FOUR RE-

TROROCKETS AND THE HEIGHT OF tHE SPACECRAFI.

THE INPUT TIME AND POSITION VECTOR AND THE

MODIFIED VELOCITY VECTOR ARE PLACED IN THE

OUTPUT TABLE AND ARE SAVED IN INTERNAL

STORAGE.
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G)

3) THE ABORT MODE TYPE INDICATOR IS SET TO IN-

DICATE THAT ABORT MODE 2 IS IN EFFECT.

4) THE MINIMUM DELAY TIME TO RETROFIRE IS SET

TO ZERO AND CCMAIN EXITS TO ITS SUFFIX,

MFCCMN.

5) THE LATEST TIME OF EMERGENCY RETRO SALVO IS

CHECKED AGAINST THE SAVED TIME. IF THE

NEWER TIME IS GREATER, THE STEPS FROM I) TO

4) ARE EXECUTED. IF THE LATEST TIME DOES

NOT WARRANT THE ABOVE PROCESS, THE LAST VEC-

TORS SAVED ARE AGAIN PLACED IN THE OUTPUT

TABLE AND CONTROL GOES TO 3).

IF MCEAAA IS ZERO, THE SUBROUTINE CDELTV IS USED

TO UPDATE THE GIVEN VECTOR. THE MODIFIED VELO-

CITY VECTOR IS PLACED IN THE OUTPUT TABLE AND

CONTROL IS PASSED TO 3).

USAGE

CCMAIN IS ENTERED FROM ITS PREFIX, MPCCMN. IT

TRANSFERS CONTROL TO ITS SUFFIX, MFCCMN.

A) STORAGE REQUIRED -

225 LOCATIONS

B) TIMING {7094)

I) MCMISD NON-ZERO -

6.169 MILLISECONDS, MAXIMUM

2) MCEABM NON-ZERO -

5.914 MILLISECONDS, MAXIMUM

3) MCEAAA NON-ZERO -

6.128 MILLISECONDS, MAXIMUM

4) MCCFHP NON-ZERO -

.046 MILLISECONDS, MAXIMUM
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5) MCEAGM_ MCEAAAt MCCFHP ZERO -

6.006 MILLISECONDS_ MAXIMUM

TO THE TIME OF MCMISD MUST BE ADDED THE TIMING FOR

ANY OTHER EVENT.

THE TIMING REQUIRED FOR MCCFHP NON-ZERO DOES NOT IN-

CLUDE THE TIME NECESSARY TO EXECUTE THE CFCFAV PROGRAM

ITSELF.
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TABLE 34-1. INPUT TABLE TO CCMAIN [SHEET I OF 2)

MCLLIN CONTAINS IN THE ADDRESS THE ADDRESS OF THE

INPUT TABLE WHICH IS ARRANGED AS FOLLOWS -

L{INPUT) t

+1 x

+2 y

+3 z

+7 S.

÷S Q.I

+9

TIME OF VECTORS IN GMT

FLOATING POINT SECONDS

POSITION VECTOR IN FLOATING

POINT GEMINI LENGTH UNITS

VELOCITY VECTOR IN FLOATING

POINT GEMINI VELOCITY UNITS

SOURCE INDICATOR -

O, IF SPACECRAFT SOURCE

l, IF BOOSTER SOURCE

QUALITY OF DATA INDICATOR -

O, IF VECTORS ACCEPTABLE FOR

AVERAGE VECTORS COMPUTA-

TIONS, I, IF VECTORS UNAC-

CEPTABLE FOR THE ABOVE COM-

PUTATIONS

VELOCITY RATIO DIFFERENCE

tI.E., ACTUAL VELOCITY RATIO

MINUS NOMINAL VELOCITY RA-

TIO) - NOT USED DURING AVER-

AGE VECTORS COMPUTATIONS
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TABLE 34-Io INPUT TABLE TO CCMAIN (SHEET 2 OF 2)

+I0 FLIGHT PATH ANGLE DIFFERENCE

(I.E., ACTUAL FLIGHT PATH

ANGLE MINUS NOMINAL FLIGHT

PATH ANGLE) - NOT USED DU-

RING AVERAGE VECTORS COMPU-

TATIONS
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OUTPUT TABLE FROM CCMAIN (SHEET I OF 6)

MCLLOT CONTAINS /HE ADDRESS OF THE OUTPUT TABLE

WHICH IS ARRANGED AS FOLLOWS -

DURING NORMAL LAUNCH -

L(OUTPUT) t
U

+I x

+2 y

+3 z

+5 y

+7 y

+8 v/v
r

u

v
U

THE TIME OF THE VECTORS IN

FLOATING POINT GMT SECONDS

x-COMPONENT OF THE POSTION

VECTOR IN FLOATING POINT

GEMINI LENGTH UNITS

y-COMPONENT OF THE POSITION

VECTOR IN FLOATING POINT

GEMINI LENGTH UNITS

z-COMPONENT OF THE POSITION

VECTOR IN FLOATING POINT

GEMINI LENGTH UNIIS

_-COMPONENT OF THE VELOCITY

VECTOR IN FLOATING POINT

GEMINI VELOCITY UNITS

y-COMPONENT OF THE VELOCITY

VECTOR IN FLOATING POINT

GEMINI VELOCITY UNITS

_-COMPONENT OF THE VELOCITY

VECTOR IN FLOATING POINT

GEMINI VELOCITY UNITS

FLIGHT PATH ANGLE IN FLOAT-

ING POINT RADIANS

VELOCITY RATIO IN FLOATING

POINT (DIMENSIONLESS)
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OUTPUT TABLE FROM CCMAIN (SHEET 2 OF 6)

+9 i

+I0 r-R

+II @pp

+12 k
PP

+13 s

+14 d

+15 AMI

+16 At
r min

+17 v'

DURING THE HOLD PHASE

LIOUTPUT) t
U

+I x r
U

INCLINATION ANGLE IN FLOAT-

ING POINT RADIANS

HEIGHT OF SPACECRAFT ABOVE

A SPHERICAL EARTH IN FLOAT-

ING POINT NAUTICAL MILES

LATITUDE OF PRESENT POSITION

IN FLOATING POINT RADIANS

LONGITUDE OF PRESENT POSI-

TION IN FLOATING POINT RA-

DIANS

CROSSRANGE DISTANCE IN

FLOATING POINT NAUTICAL

MILES

DOWNRANGE DISTANCE IN FLOAT-

ING POINT NAUTICAL MILES

ABORT MODE INDICATOR IN

FIXED POINT, B35

MINIMUM DELAY TIME TO RETRO-

FIRE IN FLOATING POINT SEC-

CONDS

VELDEITY IN FEET PER SECOND

THE TIME OF THE VECTORS IN

FLOATING POINT GMT SECONDS

a-COMPONENT OF POSITION VEC-

TOR IN FLOATING POINT GEMINI

LENGTH UNITS
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OUTPUT TABLE FROM CCMAIN (SHEET 3 OF 6)

+2 y t ru
+3 z

+5

+6

+?

+8

+9

+I0

+IL

+12

v/v
r

r-R

Cppp

k
PP

v
U

232

_COMPUNENT OF POSITION VEC-

TOR IN FLOATING POINT GEMINI

LENGTH UNITS

z-COMPONENT OF POSITION VEC-

TOR IN FLOATING POINT GEMINI

LENGTH UNITS

x-COMPONENT OF VELOCITY VEC-

TOR IN FLOATING POINT GEMINI

VELOCITY UNITS

j-COMPONENT OF VELOCITY VEC-

TOR IN FLOATING POINT GEMINI

VELOCITY UNITS

z-COMPONENT OF VELOCITY VEC-

TOR IN FLOATING POINT GEMINI

VELOCITY UNITS

FLIGHT PATH ANGLE IN FLOAT-

ING POINT RADIANS

VELOCITY RATIO IN FLOATING
P

POINT (DIMENSIONLESS)

INCLINATION ANGLE IN FLOAT-

ING POINT RADIANS

HEIGHT OF SPACECRAFT ABOVE A

SPHERICAL EARTH IN FLOATING

POINT NAUTICAL MILES

LATITUDE OF PRESENT POSITION

IN FLOATING POINT RADIANS

LONGITUDE OF PRESENT POSI-

TION IN FLOATING POINT RA-

DIANS
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OUTPUT TABLE FROM CCMAIN (SHEET 4 OF 6)

+13

+14

+15

+16

+17

+18

+19

+20

+21

+22

Go/No-Go

-AV

_bmin delay

k
min delay

(PIP

_IP

GMTRC

NOT USED

NOT USED

ABORT RECOMMENDATION IN

OCTAL

NEGATIVE OF INCERMENT TO

SPACECRAFT VELOCITY TO

ACHIEVE 1.5 REVOLUTION ORBIT

LIFETIME IN FLOATING POINT

FEET PER SECOND

NEGATIVE OF TOTAL INCREMENT

TO SPACECRAFT VELOCITY TO

ACHIEVE OPTIMUM ORBITAL CON-

DITIONS IN FLOATING POINT

FEET PER SECOND

LATIIUDE OF MINIMUM DELAY

IMPACT IN FLOATING POINT RA-

DIANS

LONGITUDE OF MINIMUM DELAY

IMPACT IN FLOATING POINT RA-

OIANS

LATITUDE OF IMPACT IN FLOAT-

ING POINT RADIANS

LDNGIIUDE OF IMPACI IN

FLOATING POINT RADIANS

RECOMMENDED RETROFIRE TIME

IN GMT FLOATING POINT

SECONDS
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OUTPUT TABLE FROM CCMAIN (SHEET 5 OF 6)

+23

+26

+27

+28

+29

+30

+31

ESTRC

R. A.

Vact.

GMTPC

V350K

Y350K

e

H
ap

H
per

RECOMMENDED RETROFIRE TIME

IN ELAPSED TIME SINCE LIFT-

OFF, FLOATING POINT SECONDS

RECOVERY AREA IN OCTAL

ACTUAL SPACECRAFT VELOCITY

IN FLOATING POINT FEET PER

SECOND

RECOMMENDED TIME TO COMPLETE

PROPULSION TO ACHIEVE 1.5

ORBIIS IN GMT FLOATING POINT

SECONDS

RELATIVE VELOCITY MAGNITUDE

AT 350 THOUSAND FEET IN

FLOATING POINT FEET PER

SECOND

RELATIVE FLIGHT PATH ANGLE

AT 350 THOUSAND FEET IN

FLOATING POINT RADIANS

ECCENTRICITY IN FLOATING

POINT, DIMENSIONLESS

KEPLERIAN HEIGHT AT APOGEE

IN FLOATING POINT NAUTICAL

MILES

KEPLERIAN HEIGHT AT PERIGEE

IN FLOATING POINT NAUTICAL

MILES
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OUTPUT TABLE FROM CCMAIN (SHEET 6 OF 6)

+32

+33

+34

+35

AV D

At D

GMTPI

GETPI

VELOCITY INCREMENT TO BE AP-

PLIED AT APOGEE TO RAISE IHE

HEIGHT AT THE FOLLOWING

PERIGEE TO 75 NAUTICAL MILES

FEET PER SECOND

TIME DURATION OF NECESSARY

OAMS BURN TO ACHIEVE

FLOATING POINT SECONDS

GREENWICH MEAN TIME AT WHICH

TO INITIATE OAMS BURN,

FLOATING POINT SECONDS

ELAPSED TIME FROM LIFT-OFF

TO TIME TO INITIATE OAMS

BURNt FLOATING POINT SECONDS
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: ENTER :
CCMAIN

_Ho,,e,******_

*SAVE XR S L 2-
• A AN• ST. 2[S-

- COMPL. •

• L(INPUI) INTO•

CCANR

i xR|.z.s : :B2:..x:0,NTIS •
COMPL.

L(OUIPUT) _ , • •
[NfO XR2 ••

H,,H°H**•,•° t**,,H•*iHOH

CCAVG
• e I • Hoo•••,,•.°.,•

• °YES ••l •* • •

AVERAGE

VECTORS •X 85• "83•..Xl V._INTO_ O

° COMPS° • • ° • , • • u

• • • * o_o ,• ••••••••••e'•• _•

_o

CPRVCM •
• " COMPUTE ALL

• PRESENT °
VECIORS •

• QUANTITIES •
•••oH•i**•°°°•

• • CCMIS CCAVG

• •YES •-°• -* * •

• • • ° • * CF('I.'._71.1.;I_I.'()I_MI

• MISSING OATA •X AO ° •BS•X AVG. VECTORS

ENIRY • •23T* • • ° CUMPUTaTIONS ,

• *•°,••••l,•*••*

CCSA!

:...i;:7_%_: :.............:
• A6 ..X• - INrO_ _ RESIORE XR'S_
• . • r3 u • AND S[ •

"" :.._'_2.;_'_L..! :.............:

i"._-_:W.-.i ...............
" Ex, "

! I_l _' i * MFCC.'_I •..?.C._._.:..L. •..............

IINTO 7,2 14.2 •

: ,',Nr._7_:

5_AAA * • ." 5ANR

_C2_X • ASTRRG • • •A_T!VAIEU • ............ X REI_D SALV] •_ _

AHDRT

NCJ

CCADN

• CDELTV MUD|FY •

• _3TO COMPUTE _u °

.HH•O*•.H•*•

............... X_

CCASS

•C6•..X_ 2 INTU AMI _

• . •

*o*H..*•o•,•.•

• ° _E5

* "YES •*•

S/5 TRAS_ *X B}•

N_

• • CCABH

* •NO •••

• • .H

_ES

CCMEX

:.............: .... :.............:
:: ,o_,,,,:...:o/..._. :_, _o, _:

CCABH • • 55AST

* " *YES _'' ...........

• C6,X t GTt • .............. xm ters INTO t
• • • ers rs rs •

• • *•H•*HH*H**

_ASS

• ta' ?a' ¢s * *••

: _N'r(, :...;c_:
tu' ru' _u _ *••

,• CDELTV ••

COMPUTE

• • t s, _s_s .•

••••H•••o•.•.•

CCASS

HH..H.*O•.•.

i %,nto_ :...__:

C_AMC

• • • .v_s:.-..
• ABORT M{]Ol IX CO •

CHANGE OVLR l •_t7l
• ••,°

.......... x• C2•



CCM|S

*AO •

• ,YES

=
tsseo 0 • ........

k
• CCSAI

• • "YES t••*

• • t GTt • *_ A6•• "

.m ....... .. :.2.36.-

;X .................

k
•+**teH+•,•••,

• CONVERT •miss •

." TO TIME SINCE :

• LIFTOFF •

:.._ _.TO&.V..:

VOL Ill REAL TIRE PROCESSORS PART I - LAU_;HIABORI

CCAMC CCMEX

... :.............: ... :.............:

:C0*..XI 3 1NT0 Is.2 i :D)'..X: aEstorEl,2,a An0S.I.-XR'_*

° •

• .YES ....•*•••.•...-

• tssco 0 *x O3* _ tXII

.... .MFC_M_ ........ :

• _0

* ° .

• tssco - t LT 0 ° .......................

• ;ES

*t . At= t . .
• miss miss.

• - tliftof f

CCMAS CCSAI

" •miss At •N_ _ USE AFTER • "•*'•

• LT t . • .............. X• STAGING _..*_ R6 •

• nom stagin_ • CURVES TO • °236-• COMPUTE - • ••••
• • •.*m•m***m..*.*

• _ES (V/Vr)no m AND Ynom'

CCSA| (V/Vr)n°m - K89 ÷ K_9 tm

, K89 t 2 _ 89 3
USE BEFORE • •'••• 10 In Kll tm

i STA_IN_ :..A A6 •CURVES TO • ,23,- 89 4. 89 5
COMPUTE - + K12 t n K13 t n

(V/Vr)nom ANDTnom' v/v r - LAST (v/v r - (v/Vs)nom)

(V/Vr)no m K819 + K 89 tm * (V/Vr)no m

• _?,L+E?,L _. INToC_CMOUTPUTTABLE

V/V r - LAST (V/V r - (V/Vr)nom) + K_ t3n. K_ 9 t4n

+ (V/Vr)no m

_t _ LAST (y - Ynom) + Yno m

v/v r INTO CPIRVCM OUTPUT TABLE

T INTO CPIRVCM OUTPUT TABLE

T = LAST (y - Ynom ) + Ynom

y INTO CPBVCM OUTPUT TABLE

.....°•.*°°°°°

r mm ssco • .**,

_ N -t u •O3l.*X*

: INTO162 : ".." : NI,Nro]B2

:

:x ............................... :

*YES

• • ts/csep 0 • • .......................

SIC re,OK

• _ES

:

• CCCBS

• • " " " ..o : ............. : ...

ts/csep LTt u • ............... X: p : N t :...; :9:
l

X

CC_PA
m •

• ts/csep .YES : P : ts/csep : ,*'*,

• .............. x• ....X _)*

• • + NtGTt u . _ Nt-t u _ °**

HH**HH*.•**

SET P=2 *

*.l.*.*l.*.,.*_ CMEX

Ill. _ KoPNA

E3-c*-..x._+ :..._ 0_*

"" :...ly._?7 v.... : "'"
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35. CFCFAV - LAUNCH COMPUTATIONS FUR HOLD PHASE

THIS PROGRAM IS USED TO PROCESS THE AVERAGE VECTORS

AND TO GENERATE THE DISPLAYS DURING THE HOLD PHASE. (SE

FLOWCHART.)

INPUT

A) TABLES -

L(INPUT)

TC .ON1

TC .ON2

TC.ONA

TC.ONT

[C.NTF

TCGMTI

AN ELEVEN-LOCATION TABLE CONTAINING

THE TIME AND THE DATA SOURCE AND

QUALITY INDICATORS. SEE CCMAIN

TABLE.

THE NOMINAL TIME tRDM SECOND STAGE

CUTOFF TO MINIMUM DELAY GMT IN FLOAT-

ING POINT SECONDS, N 1

THE NOMINAL TIME FROM COMPLETION OF

THRUSTING TO MINIMUM DELAY GMT IN

FLOATING POINT SECONDS, N 2

THE NOMINAL ACCELERATION DUE TO DAMS

BURN FOR SEPARATION IN FLOATING POINI

GEMINI ACCELERATION UNITS, N
a

THE NOMINAL THRUSTING TIME FOR DAMS

BURN FOR SPACE CRAFT SEPARATION IN

FLOATING POINT SECONDS, N t

THE NOMINAL ACCELERATION DUE TO DAMS

BURN FOR SEPARATION IN FLOATING POINI

FEET/SECOND 2, Nf

CONTAINS NOMINAL TIME OF MINIMUM DELl

GMT IN FLOATING POINT SECONDS BASED [

THE TIME OF SECOND STAGE CUTOFF [COM-

PUTED ON FIRST PASS THROUGH CFCFAV
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B)

WITH A BOOSTER SOURCE, USED AS INPUT

THEREAFTER)

TCICRT CONTAINS INCLINATION ANGLE CRITERION

IN FLOATING POINT RADIANS

TCRADF CODE OF RECOVERY AREA F IN OCTAL

TCRADG CODE OF RECOVERY AREA G IN OCTAL

TCRALF LONGITUDE OF RECOVERY AREA F IN

FLOATING POINT RADIANS
4

TCRALG LONGITUDE OF RECOVERY AREA G IN

FLOATING POINT RADIANS

TCRCAD A SEVEN-LOCATION TABLE CONTAINING THE

CODES OF THE RECOVERY AREAS IN OCTAL

TCRCAL A NINE-LOCATION TABLE CONTAINING THE

LONGITUDES OF THE RECOVERY AREAS IN

FLOATING POINT RADIANS

TPVEGO A THREE-LOCATION TABLE OF PARAMETERS

USED IN COMPUTING Vg o

COMMUNICATION CELLS -

MCCURT CONTAINS CURRENT TIME IN GMT FLOATING

POINT SECONDSv t
current

MCELFT CONTAINS SETTING OF LIFT SWITCH IN

OCTAL

0 - NO LIFT

I - PROGRAMMED LIFT

2 - MAX, LIFT

MCESPS CONTAINS TIME OF SPACECRAFT SEPARATION

IN GMT FLOATING POINT SECONDS, ts/O sep
MCLFTM CONTAINS TIME OF LIFTOFF IN FLOATING

POINT SECONDS, tL.O.

MCTBEG CONTAINS TIME OF BEGINNING OF

THRUSTING IN GMT FLOATING POINT

SECONDS, _egin thrust
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C)

MCTEND

MCTSEC

CONTAINS TIME OF ENDING OF THRUSTING

IN GMT FLOATING POINT SECONDS, tendthrus t

CONTAINS COMPUTER'S BEST ESTIMATE OF

OCCURRENCE OF SECOND STAGE CUTOFF IN

GMT FLOATING POINT SECONDS, tSSCO

CONSTANTS -

KOOOGI

KOOuOI

KO0003

KOOO

KO0007

KO01.O

KO020.

KOQ.PI

KOO.SG

KOO.UT

KFTSCG

KGAMLL

KGAMUL

KVELLL

KVELUL

KMAXDV

DEC I

DEC 2

DEC 3

DEC 4

DEC 7

DEC 1.0

FIXED POINT ONE

FIXED POINT TWO

FIXED POINT THREE

FIXED POINT FOUR

FIXED POINT SEVEN

FLOATING POINT ONE

DEC 20°0 FLUATING POINT TWENTY

P/ IN FLOATING POINT RADIANS

CONVERSION OF SECONDS TO

GEMINI TIME UNITS

CONVERSION TO GEMINI TIME

UNITS IO SECONDS

CONVERSION OF GEMINI

VELOCITY UNITS TO FEET/

SECOND

LOWER LIMIT ON FLIGHT PATH

ANGLE IN FLOATING POINT

DEGREES

UPPER LIMIT ON FLIGHT PATH

ANGLE IN FLOATING POINT

DEGREES

LOWER LIMIT ON VELOCITY IN

FLOATING POINT FEET/SECOND

UPPER LIMIT ON VELOCITY IN

FLOATING POINT FEET/SECOND

MAXIMUM VELOCITY REQUIRED TO
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ACHIEVE Vg0 IN FLOATING

POINT FEET/SECOND

OUTPUT

TABLE

L{OUTPUT) CONTAINS QUANTITIES FOR OUTPUT DIS-

PLAYS COMPUTED COMPUTED FROM THE

AVERAGE VECTORS {SEE CCMAIN TABLE.)

METHOD

A) AFTER SAVING THE CONTENTS OF THE INDEX REGIS-

TERSe CFCFAV PICKS UP THE ADDRESS OF THE INPUT

AND OF THE OUTPUT TABLES TO BE USED THIS PASS.

THE GIVEN TIME AND POSITION VECTOR COMPONENTS

ARE THEN PLACED IN THE OUTPUT TABLE. BEFORE THE

VELOCITY VECTOR COMPONENTS MAY BE USED_ CFCFAV

DECIDES WHETHER THE GIVEN VELOCITY VECTOR SHOULD

BE MODIFIED TO REFLECT DAMS BURN FOR SPACECRAFT

SEPARATION AND, AS A RESULT, WHAT VALUE SHOULD

BE ASSIGNED TO THE VALID TIME OF THE ACTUAL

VELOCITY. IN CASE VECTOR MODIFICATION IS

NECESSARY, CFCFAV COMPUTES AND SAVES AS THE

MAGNITUDE OF THE ACTUAL VELOCITY VECTUR_ THE

MAGNITUDE OF THE INPUT VELOCITY VECTOR. THEN_

BASED ON ITS DECISIONS, CFCFAV ADDS THE EFFECT

OF DAMS BURN TO THE INPUT VELOCITY VECTOR COM-

PONENTS AND PLACES THE RESULTING COMPONENTS IN

THE OUTPUT TABLE. FROM THIS POINT ON, THE

ORIGINAL TIME AND POSITION VECTOR, WITH THE

MODIFIED VELOCITY VECTOR ARE USED AS THE MOST

ACCURATE DESCRIPTION OF EVENTS TAKING PLACE IN

THE OUTSIDE WORLD.
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USING THE ABOVE VECTORS, THE SUBROUTINE CPRVCM

IS ENTERED FOR THE COMPUTATION OF ALL PRESENT

VECTORS QUANTITIES. THESE RESULTS ARE PLACED IN

THE OUTPUT TABLE. THE INCLINATION ANGLE COM-

PUTED BY CPRVCM IS USED TO SELECT THE CODE AND

LONGITUDE OF EITHER RECOVERY ARE F OR G FOR

TCRCAD AND TCRCAL TABLES, RESPECTIVELY. WHEN

THE INCLINATION ANGLE IS LESS THAN THE CRITE-

RIONt AREA F IS USED, OTHERWISE_ AREA G IS USED.

THIS PREVENFS THE SPACECRAFT FROM LANDING AMONG

A SMALL GROUP OF ISLANDS OFF THE WEST COAST OF

AFRICA IN AN ABORT SITUATION WHERE A_EA F WOULD

NORMALLY BE SELECTED.*

B) THE ABORT RECOMMENDATION IS THEN MADE AS

FOLLOWS -

X) IF THE VECTORS ARE FROM A SOURCE DEEMED

ACCEPTABLE FOR THE COMPUTATION OF THE

MINIMUM VELOCITY NEEDED TO ACHIEVE ORBIT AND

BOTH THE FLIGHT PATH ANGLE AND THE EXPECTED

VELOCITY FALL WITH THEIR RESPECTIVE LIMITS_

THE MINIMUM VELOCITY NEEDED TO ACHIEVE ORBIT

IS COMPUTED AS A FUNCTION OF THE LAST TWO

QUANTITIES.

THE DIFFERENCE BETWEEN THE EXPECTED

VELOCITY AND THE MINIMUM VELOCITY NEEDED TO

ACHIEVE ORBIT IS THEN COMPUTED AND COMPARED

TO ZERO. IF NEGATIVE, A NO-GO RECOMMEN-

DATION IS GIVEN AND CONTROL PASSES TO 2).

IF POSITIVE OR ZERO_ A GO RECOMMENDATION IS

MADE AND CONTROL IS GIVEN TO 2).

*FOR GT-3, THE INCLINATION ANGLE TESt IS OMITTED AND AREA

F IS ALWAYS USED.

242



VOL Ill REAL TIME PROCESSORS PART I - LAUNCH/ABORT

2]

3)

4)

THE SUBROUTINE CLDVGS IS THEN ENTERED TO

COMPUTE AND OUTPUT THE NEGATIVE DF THE

INCREMENT TO THE SPACECRAFT VELOCITY TO

ACHIEVE A 1.5 REVOLUTION ORBIT LIFE-TIME,

-AVG,, AND THE NEGATIVE OF THE TOTAL INCRE-

MENT TO THE SPACECRAFT VELOCITY TO ACHIEVE

OPTIMUM ORBITAL CONDITIONS, -AV .
S

IF AVGV IS NEGATIVE OR ZERO, THE GREEN-

WICH MEAN TIME TO COMPLETE PROPULSION

(GMTPC) IS SET TO ZERO. OTHERWISE, THIS

TIME IS COMPUTED AS A FUNCTION OF THE VALID

TIME OF THE ACTUAL VELOCITY, THE INCREMENT

TO THE SPACECRAFT VELOCITY TO ACHIEVE A 1.5

REVOLUTION ORBIT LIFETIME, AND THE NOMINAL

ACCELERATION DUE TO DAMS BURN FOR SPACE-

CRAFT SEPARATION. AFTER THE RESULTS OF THIS

COMPUTATION ARE PLACED IN THE OUTPUT TABLE,

CONTROL PASSES TO C).

IF THE SOURCE OF THE VECTORS IS DEEMED

UNACCEPTABLE FOR THE ABORT RECOMMENDATION,

BOTH A GO AND A NO-GO RECOMMENDATION ARE

SHOWN IMPLYING LACK OF ACCEPTABLE DATA. THE

QUANTITIES COMPUTED BASED ON THIS RECOMMEN-

DATION ARE SET TO ZERO AND CONTROL IS GIVEN

TO C).

IF THE SOURCE OF THE VECTORS IS ACCEPTABLE

FOR THE ABORT RECOMMENDATION, BUT EITHER

THE FLIGHT PATH ANGLE OR THE EXPECTED

VELOCITY FALLS UUTSIDE OF ITS LIMITS, A NO-

GO RECOMMENDATION IS SHOWN. THE INCREMENT

TO THE VELOCITY NEEDED TO ACHIEVE A 1.5

REVOLUTION ORBIT LIFETIME IS SET TO MAXIMUM
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C)

D)

VALUE WHOSE SIGN INDICATES WHICH LIMIT,

UPPER OR LOWER_ WAS EXCEEDED AND THE TOTAL

INCREMENT TO THE SPACECRAFT VELOCITY TO

ACHIEVE OPTIMUM ORBITAL CONDITIONS IS SET

TO ZERO. CONTROL IS THEN GIVEN TO C).

THE PROGRAM CELEVP IS ENTERED TO COMPUTE THE

DISPLAY QUANTITIES ASSOCIATED WITH RAISING THE

HEIGHT AT PERIGEE TO 75 NAUTICAL MILES. THE

OUTPUT FROM CELEVP IS PLACED IN THE CFCFAV

OUTPUT TABLE. SEE CCMAIN TABLE.

CFCFAV THEN PREPARES TO COMPUTE THE LATITUDE AND

THE LONGITUDE OF IMPACT ASSOCIATED WITH THE

MINIMUM AND THE MAXIMUM DELAY TIMES TO RETRO-

FIRE.

1) THE MINIMUM DELAY TIME TO RETROFIRE IS BASED

ON THE DIFFERENCE BEIWEEN THE GREATER OF TWO

GMT TIMES AND THE TIME ASSOCIATED WITH THE

INPUT VECTORS. THE FIRST GMT TIME IS

COMPUTED AS THE SUM OF THE NOMINAL TIME OF

SECOND STAGE CUTOFF ANB THE FACTOR N 1, IF

EITHER THE VECTORS ARE FROM A SOURCE

TRACKING THE BOOSTER OR SPACECRAFT THRUSTING

HAS NOT YET BEGUN.

THE SECOND GMT TIME MAY HAVE ONE OF TWO

VALUES. IF THE VECTORS ARE FROM A SOURCE

TRACKING THE SPACECRAFT, SPACECRAFT

THRUSTING HAS BEGUN, AND THE TIME OF THE END

OF THRUSTING IS GREATER THAN THE TIME AT THE

BEGINNING OF THRUSTING, ITS VALUE IS THE SUM

OF THE FACTOR N 2 AND THE TIME AT IHE END OF

THRUSTING. IF THE VECTORS ARE FROM A SOURCE

TRACKING THE SPACECRAFT, SPACECRAFT
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D)

THRUSTING HAS BEGUN, AND THE TIME IS THE

BEGINNING OF THRUSTING IS GREATER THAN THE

TIME AT THE END OF THRUSTING, ITS VALUE IS

THE SUM OF THE FACTOR N 2 AND CURRENT TIME.

2) THE MAXIMUM DELAY TIME TO RETROFIRE IS

DEFINED TO BE THE TIME OF ARRIVAL AT A

SPECIFIED HEIGHT LESS A FACTOR INCORPORATING

THE BURNING TIME OF THE RETROROCKETS AND THE

TIME REQUIRED TO PLA_E THE SPACECRAFT IN THE

REENTRY ATTITUDE.

3] BASED ON THE SETTING OF THE LIFT SWIT;H,

CFCFAV SELECTS A BANK ANGLE WHICH SPECIFIES

THE LIFT CONFIGURATION TO BE USED IN COM-

PUTING THE MINIMUM AND THE MAXIMUM DELAY

IMPACT POINTS. WITH THIS INFORMATION,

CFCFAV ENTERS THE SUBRuUTINE CBIPRE FOR THE

REQUIRED COMPUTATIONS. AN ERRDRRETURN FROM

CBIPRE SENDS CONTROL TO I)

ON A NORMAL RETURN, THE SUBROUTINE CRADES USES

THE OUTPUT FROM CBIPRE TO SELECT THE SPACECRAFT

RECOVERY AREA AND TO SET THE_RECOVERY AREA IN-

DICATOR. THIS INDICATOR MAY HAVE ONE OF THE

FOLLOWING VALUES -

I} +0, IF THE LONGITUDE UF THE SELECTED RE-

COVERY AREA FALLS BETWEEN THE LONGITUDES OF

MINIMUM AND MAXIMUM DELAY IMPACT.

2] -0, IF THE LONGITUDE OF THE SELECTED RE-

COVERY AREA LIES CLOSER TO THE LONGITUDE OF

MINIMUM DELAY IMPACT.

3} -I, IF THE LONGITUDE OF THE SELECTED RECOV-

ERY AREA LIES CLOSER TO THE LONGITUDE OF

MAXIMUM DELAY IMPACT.
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E)

F)

G)

IF THE SECOND CASE OCCURS, THE TIME MINIMUM

DELAY RETROFIRE BECOMES THE TIME IN GMT OF

RETROFIRE, THE LONGITUDE OF MINIMUM DELAY IMPACT

BECOMES THE LONGITUDE ASSOCIATED WITH THE TIME

IN GMT OF RETROFIRE, AND THE LATITUDE OF

MINIMUM DELAY IMPACT BECOMES THE LATITUDE

ASSOCIATED WITH THE TIME IN GMT OF RETRFIRE.

THE VECTORS AT THE END OF MINIMUM DELAY RETRO-

FIRE THEN SERVE AS INPUT TO THE SUBROUTINE

CVAFPA AND CONTROL PASSES TO H.

IF THE THIRD CASE OCCURS_ THE STEPS OUTLINED

ABOVE ARE EXECUTED USING THE QUANTITIES ASSO-

CIATED WITH MAXIMUM DELAY IMPACT. THE VECTORS

AT THE END OF MAXIMUM DELAY RETROFIRE SERVE AS

INPUT TO CVAFPA AND CONTROL IS GIVEN IO H).

IF THE FIRST CASE OCCURS, CFCFAV ATTEMPTS TO

REFINE THE TIME OF RETROFIRE TO LAND AT THE

SELECTED RECOVERY AREA A MAXIMUM OF SEVEN TIMES.

THE INITIAL INPUT TO THE SUBROUTINE CgTDRF IS

THE TIME AND LONGITUDE OF MINIMUM DELAY RETRO-

FIRE AND THE LONGITUDE OF THE SELECTED RECOVERY

AREA. IF, ON THE FIRST ENTRY TO THE SUBROUTINE,

THE CORRECTION TO THE TIME OF RETROFIRE IS LESS

THAN .5 SECOND, THIS IMPLIES THAT THE MINIMUM

DELAY RETROFIRE QUANTITIES ARE THE BEST CHOICES

OF THE RETROFIRE GMT QUANTII[ES AND THE

PROCEDURE IN E) IS FOLLOWED.

OTHERWISE, THE CORRECTION IS ADDED TO THE LAST

TIME OF RETROFIRE AND THE SUBROUTINE CGFTCI IS

ENTERED TO OBTAIN THE LONGITUDE AND LATITUDE

ASSOCIATED WITH THE NEW TIME. AN ERROR RETURN

FROM CGFTCI SENDS CONTROL TO I). A NORMAL
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RETURN CAUSES THE NEW LONGITUDE ASSOCIATED WITH

THE TIME OF RETROFIRE AND THE ORIGINAL

LONGITUDE OF THE SELECTED RECOVERY AREA TO BE

INPUTTED TO CgTDRF AND THE PROCESS IS REPEATED.

THE LAST COMPUTED VECTORS AT THE END OF RETRO-

FIRE FROM CGFTCI THEN SERVE AS INPUT TO CVAFPA.

H) THE SUBROUTINE CVAFPA PRODUCES THE MAGNITUDE OF

THE RELATIVE VELOCITY AND THE RELATIVE FLIGHT

PATH ANGLE AT A GIVEN HEIGHT CRITERION USING

THE SELECTED INPUT VECTORS. ON AN ERROR RETURN

THESE QUANTITIES ARE SET TO ZERO IN THE OUTPUT

TABLE. A NORMAL RETURN CAUSES THE RESULTS OF

THE COMPUTATIONS TO BE STURED IN THE OUTPUT

TABLE. THE REMAINING QUANTITIES - THE LONGI-

TUDES AND LATITUDES ASSOCIATED WITHTHE MINIMUM

DELAY RETROFIRE TIME AND THE TIME OF RETROFIRE

TO LAND AT THE SELECTED RECOVERY AREA, THE TIME

OF RETROFIRE TO LAND AT THE SELECTED RECOVERY

AREA IN BOTH GeT AND ELAPSED TIME SINCE LIFTOFF,

AND THE CODE OF THE SELECTED AREA IN OCTAL - ARE

OUTPUTTED BEFORE CFCFAV RETURNS TO THE CONTROL

PRUGRAM.

I) AN ERROR RETURN FROM EITIIER CBIPRE OR CGFTCI

CAUSES ALL LATITUDES AND TIMES ASSOCIATED WITH

IMPACT PUINTS TO BE SET TO ZERO. THE CORRE-

SPONDING LONGITUDES ARE SET TO P/ RADIANS (THUS

THROWING THEIR PLOTS OUT OF RANGE OF THE SCALE

COVERED ON THE PLOTBOARD), AND THE CODE OF THE

RECOVERY AREA IS SET DESIGNATING A FICITIOUS

AREA. CONTROL IS THEN PASSED FROM CFCFAV TO THE

MAIN PROGRAM_ AFTER THE LOCATIONS IN TilE OUTPUT

TABLE CONTAINING THE RELATIVE VELOCITY AND THE
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RELATIVE FLIGHT PATH ANGLE HAVE BEEN SET TO

ZERO,

USAGE

A)

B)

C)

CALLING SEOUENCE -

TSX CFCFAV_4

PZE L(INPUT)_tL(OUTPU[)

RETURN

STORAGE REQUIRED - 32[ LOCATIONS

TIMING (7094) - 547 MILLISECONDS EXCLUDING T/

REQUIRED FOR CVAFPAt CBIPREI AND CGFTCI SUB-

ROUTINES
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• CFCFAV

• SAVE XR'S ]t-

•._'cc2.A. 2,s •L(INPUT)"

• INTO XRI •

• 2'S CC_P •
• L(CU|PbT) •
• INTO XR2 •

R
mWH..HmHe•..

t3 INTO tu INTO •

:inTO 1,2TO 3,21

.*.•.•.*•.••*•t

" VMAG, COMPUTE •.

Iv I. STOW AS
"•..LJ_J ..... ""

• .NO

• S/C TRACK

• * _ES

°

X

tS/C SEP = 0
!

• RC

X

• • • *NO
g i

• tS/C SEP

CFCBS • • • " • *

• ............ X " _/C SEP = 0

• * _ES

.

•NO

•.•.en•*.••.•.*

*YES : tVACTVALID :..°_ C9:
• .............. Xm

• _ =t_co + 20 _ ***

LT t U • . ...................................................... X.

YES

• *• i • •
: tVACT VALID : *BB'..X: P = 0 :.o.X CO " : tVACT VALID :

i..:._ ....... i "'" : : :_" : :t_/c_ "
HIHIJHIH**• m**••m•*•*.J•m

• tslC BEP *YES * P=tBIc SEP : :••'- _'*. ** : **•''.

• .............. X* *...x C0 • *C9*.,X_ P = N *..oX C_ *
t . *25G*

• + N t GT t U * + gt - tu _ •250- • • •

• • _G * •*•*

.......... X* BS*
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£FVCt4
lIIH.*leHaH*

et m COMp. ALL •

:B0 :x'VECTOR QUANTITIES e .

oeeo * BASED ON tu,_u,_uje

Hetl*HHet***

X
HmHalOWttIHt

:STOaE v, v/vR,:

:l, (IFI -R, '_PP'i

Xpp I_ 7, 2 *

THRU 12.2

:** * 1 + K o PN t •

V _

:c0...x:_s_N_ov_ :

CFVCM

!';;_;-_y-': ...
o(_.,, XNTO4,_ :...i BO:
: TO 6,2) " "

,,,,*.,.***o,*,

: STORE VAC T :

: Dq 25, 2 IN *

• FT/SEC •

**leHeloo,*..,

•" ".ES :_'_';_:
• iS L LESS • e x:AREA F, ._ :• T_AN

CR[TERION• • :rNTOTCRCAL+_

• lett**e*leiHa*

"USE RECOVERY • : CODE F INTO : :'*'*

:AREA G,A G e...X AO e

: INTO TCRCAL+6: : TCRCAD + 5 : 1_,

• ,HHH*,*HH H*H,,H,,*,.,

• CODE O , , ,

: INTO "...X A0 •

• TCRCAD + 5 : e,,,'251"

,HH,HH,H**
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• • CFCIN

• . *******H******

7". . • ._o. .: .............SHO,_ .: .SET_v G = o -
eAG • ACCEPTABLE • ............................................... Xe INSUFFICIENTt ................. Xi°_TO16,2._=0 _ ...........
• • • VECTCRS * ** DATA 3 INTUI_5,2 * "INTO 17 2 *
itl lilttliilltltl t llttitl_ltillll

• " ,YES

• _degrees) GT_ " . ........................................................

• . .

X * * * * CFNGS

. LT S ** **
• _degrees) * • .... ........ X Y(degr_s) LT _y • *X. C_**.

• _c " • _o"O

;X ............................... :

:}
CFNGL

• * • *H*OOOH******

• Ivl(ft/sec ) -YES : ............. : : SET AV G' = :

• * ............................................... X:SHOW NO-GO 2: ................. g*= 999ENTO 16,2 m ......... X
u * INTO 15,_ *

• GT _ iv{ *AV = OI_TO 17,2.

• . _C

CFNGS *lll*****lllll*

• • " " * * " : ............. ** :SET AV G' ffi :
• * JvJ(ft/sec) *YES • _vJ(ft/sec) *YES .--.

u • ............ X e L • ........ *C/_*..XISHOW NO-GO_ 2 II................. XI-D9911NTO 16,2-

• • LT { iv I • . * • • • INTO 15._ - _*AV=01]NITO 17,2:LT g iv I

• • _c • _0

:x ............................... "

i
....... _;....;.

Vg o = V R (K 5 + K 4 Y

+K38 ./2

• +K 81 3: 2 _

:+ K181 y4 **
*HHen***,H***

*C6*X
• • . GT 0

_ES

• AVG, •NO. * ..................... X.

_Vexp J *YES **SET GMTPC *

• - Vg ° LT 0 • * ....................... ***= tvactAVG,valtd _.

• • + -_--f

_C INTO 26, 2

: s_c, oc, _ ** :s_owNC-G0,Z:
INTC 15,2 t INTO 15,2 •

: ............. : : ..............

:× ......... "

• CIDVGS ** •'•*
COMPUTE •X CE_

• - AV G' AND - _V * •

• X .................

.SET GMtPC = 3:

INTO 26,2 l

.X ...............................

• CELEVP, COMP •

• * e, Hap, HI_ r, •.

•_:Y:_: ...... ."

• GMTPI AND GETPI *X AC *
• * *252-
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.l•* I • * e_,C

• AO * S/C FI_ACI_ * .......................

• °
• YES

CFSCF I

• • eee•••*_e•*•*e*

• YES * GMTI = **

__tl_glnthrunt = 0 * . .............. X* *

• • ** tseco N1

• * • ..**••*•*H*H*

NC

• .tbe_nthruBt •YES

• • OT ten d thrust, *

_o

e•e•**••*•*e••_
GMT 2 =

tend thrust + N 2
*••**••*m•*••*•

• ...................... :

*.*•Heem**•H*

GMT 2 "

•HHlee•H*,*•

• • * *YES

• _GMT2LTGMT 1 • • ..................... x.

.x .................

£FUTM x
• *°**H***HH° °HH**He*H**

t* _tr rain = _ • _tr min =

• * * *

: GMT2 -t u : ** GMT I - t u :

:x ............................... "

• i• •

• • •YES • • •YE_

l LIEi" SETTING • • ............ x • LIFT SETTING * * .......................
_IGT I • GT I *

_•****••e°*t*e_

: -C INT0 BANg: ..........
ANGLE *

*AM] PROG BANK*
• ANGLE INTO * _ •O INTO HANK:

• BA_K ANGLE • • ANGLE *

............... X_x ................................

CFCBI

.: :.MIN MAX

FI_ING

• • • * CFCER

• eYES• _••••

• FRRCR RETUR_ •X _1 •
FRU_ CFCBI * •253*

e

• _c :'".
.......... x* A_ *
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*,l• ** CRA_ES •

_ESIGNATE •

RECOV, _REA
elm • •

,••eeH,,,Heml

• • CFRAN * * • * * *

• *_(2• * *NO. : L(t5, RS, V5)

R,A [NO = * - ............ x RtA IND ffi O • .............. X•MAX INTO XR4 : ...........

• * * :t4 max INTO ';4

• * * * >'max INTO XR•
• _ES * _ES *''*-

.......... X• C4- e_ma x INTO CR

• SHOW I st *

• COI_RECTION .

• 7 INTO COUNT i

: t4 rain INTO t4 :

_min INTO _R

•••Hn•HH,•*,
• CgTORF COMP. .

• •*• *CORRECTION TO t 4 **
:A3:X.To LAND CLOSE

•" ".._..h_ ......"

• " *YES

CCRRECTICN =0

_C

• .AC

CCUNT GT i

CECDD * *
• • ,e**•..********

• * •YES .*** :L (ts, n5, V5) :

• ............ X COUNT GT 6 * * ........ •C_*..X•MININTOXR 4 •

• .." : t4mmINTOt 4 :

• _0 * _m_ INTO X R "

.X .................

CFCBB CFCNR

_ES

: L(ts, R5, Vs) : :COCR4) INTO : "CVAFPA COMP •

• .............. X: CGFTCI • ................. X* L (INPUT) FOR * ............... X v, TAT HEIGHT

• INTO XR4 : ** CVAFPA : *, CRITERION **

• COUNT -I INTO •

**COUNT t4

: + CORRECTION :

• INTO t4

"YES : vHC INTO 27,2:

ERROR RETURN • .............. Xm

FROM CVAFPA • : TH C INTO 28, 2* •

NO

" CGFTCI COMP. •

•" _." _R FOR :,
• FIRING AT t 4

CFCER

1"•• : 0 INTO 18,2: • 0 INTO 27,2 : :_minINTO18'2:

*8T ..X* 0• INTO 19,2• * 0 INTO 28,2 •" ................. X• kminINTO19,2*• . * INTO * *20. 2"

"* : * :.............: :_R mTO2O 2 :

_R INTO 21, 2

i
• • * • CFCER

• . INTO 21, 2 • ESTRC = t 4 -tL.o. INTO23,2• ERRORRETURN" "_ BT: _ INTO22,2 "
• FROM CGCTCI • * • : 0 INTO 23, 2 : REC. AREACODE INTO24,2

• . •*,,I••,•H***• H*m*H*•**••O*

RESET IST • ***

CORRECTION IND.: ...1 A3:

SHOWING SUB.
ENTRY •'"

CFLEX X

• 7 INTO 24, 2 * * RESTORE * *

• 0 INTO 27, 2 • ................. X* XR'S 1, 2,4 • ............... X• EXIT *
• • • TO 2,4 *

:,.,1•,,,,.,•,•0 INTO 28,2 , :•,*,***,,•,,•i *'1•''**'**•''*
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36. CIDVGS - COMPUTE -&V G' AND -AV

GIVEN THE ACTUAL VELOCITY OF A SPACECRAFT, THE

FLIGHT PATH ANGLE_ THE HEIGHT OF THE SPACECRAFT ABOVE A

SPHERICAL EARTH, AND THE MINIMUM VELOCITY NEEDED TO

ACHIEVE ORBIT, CIDVGS WILL COMPUTE THE INCREMENT TO THE

SPACECRAFT VELOCITY TO ACHIEVE A [o5 REVOLUTION ORBIT

LIFETIME, AVG, AND THE TOTAL INCREMENT TO THE SPACECRAFT

VELOCITY TO ACHIEVE OPTIMUM ORBITAL CONDITIONS, AV.

CIDVGS IS USED DURING THE HOLD PHASE BY THE AVERAGE

VECTORS PROGRAM, CFCFAV, AVG, IS USED TO COMPUTE THE

GREENWICH MEAN TIME TO COMPLETE PROPULSION, GMTPC.

INPUT

A) TABLES -

L(INPUT)

L(INPUT)

+3

o

*7

L (V ACT)

THE INPUT TABLE TO CIDVGS IS

THE THIRTEEN-LOCATION OUTPUT

TABLE FROM CPRVCM. THE LOCATIONS

OF THE TABLE USED BY CIDBGS ARE

AS FOLLOWS -

FLIGHT PATH ANGLE IN FLOATING POINT

DEGREES,

HEIGHT OF THE SPACECRAFT ABUVE A

SPHERE IN FLOATING POINT NAUTICAL

MILES, ( r - R)

A ONE-LOCATION TABLE CONTAINING THE

MAGNITUDE OF THE ACTUAL VELOCITY OF
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B]

THE SPACECRAFT IN FLOATING POINT FEET

PER SECOND

L{VGo) A ONE-LOCATION TABLE CONTAINING THE

MINIMUM VELOCITY NEEDED TO ACHIEVE

ORBIT IN FLOATING POINT FEET PER

SECOND. (THIS QUANTITY IS COMPUTED BY

CFCFAV AS A FUNCTION OF THE MAGNITUDE

OF THE POSITION VECTOR AND THE FLIGHT

PATH ANGLE SHORTLY AFTER SSCO.)

PARAMETER -

TCVINS NOMINAL INSERTION VELOCITY TO ACHIEVE

OPTIMUM ORBITAL CONDITIONS IN

FLOATING POINT FEET PER SECOND

OUTPUT

THE OUTPUT IS IN FLOATING POINT IN A TWO-LOCATION

TABLE HAVING THE FOLLOWING FORMAT -

L[OUTPUT)-_VG,. THE NEGATIVE OF THE VELOCITY INCRE-

MENT NEEDED TO ACHIEVE A 1.5 REVOLUTION ORBIT LIFETIME IN

FLOATING POINT FEET PER SECOND

-_V THE NEGATIVE OF THE TOTAL VELOCITY

INCREMENT NEEDED TO ACHIEVE OPTIMUM

ORBITAL CONDITIONS IN FLOATING POINT

FEET PER SECOND

METHOD

AFTER SAVING THE CONTENTS OF INDEX REGISTERS I_ Zt 3

AND 5 AND PICKING UP THE LOCATIONS OF THE INPUT AND OUT-

PUT TABLES_ CIDVGS COMPUTES AV O WHICH IS USED TO COMPUTE

V G IS COMPUTED AS FOLLOWS-

I) ai =bil+bi2H+bi3 H2 i=1,2, . .. ,9
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WHERE

bi3 , bi2, bi3 ARE PROGRAM CONSTANTS AND H IS

THE HEIGHT OF THE SPACECRAFT ABOVE A SPHERICAL

EARTH IN FLOATING POINT NAUTICAL MILES.
2

2) V 1 = aI + a23'+ a3_
2

V2 = a4+ a5_ + a6- Y
2

V 3 = a7+ a8"g + a9_

WHERE

IS THE FLIGHT PATH ANGLE IN FLOATING POINT

DEGREES

3) AV G IS NOW DETERMINED BY INTERPOLATION - AV3_AV 8

IF VACT_>V2_ THEN AVG = AV2+ [VAc T - V 21 V3 _V2

AV 2 -AV 1

IF VAC T <V 2, THEN AV G = AV 1 + (VAc T - VI) V2 _Vl
WHERF

AV1,AV 2 AND AV 3 ARE PROGRAM CONSTANTS.

4) AV o, IS COMPUTED BY ADDING A VELOCITY INCREMENT

FOR DAMS SEPARATION, AVos, TO AV O -

_V G, = _VG+_Vos

AV, THE VELOCITY INCREMENT NEEDED TO ACHIEVE OPTIMUM

ORBITAL CONDITIONS IS COMPUTED AS FOLLOWS -

1) IF THE ACTUAL SPACECRAFT VELOCITY IS GREATER

THAN THE NOMINAL INSERTION VELOCITY TO ACHIEVE

OPTIMUM ORBITAL CONDITIONSp TCVINS, THEN

2)

AV = VIN S- VAC T

IF THE ACTUAL SPACECRAFT VELOCITY IS LESS THAN

OR EQUAL TO TCVINS, A TEST IS MADE ON AVG'-

A) IF IT IS NEGATIVEt MEANING THAT THE ACTUAL

VELOCITY IS SUCH THAI A 1.5 ORBITS MAY BE

ACHIEVED WITHOUT MODIFICATION OF THE SPACE-

CRAFT VELOCITY -
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AV = VIN S - VAC T

B) IF AV G, IS POSITIVE OR ZERO, AV IS COMPUTED

BY SUBTRACTING VGO, THE MINIMUM VELOCITY

NEEDED TO ACHIEVE ORBIT FROM TCVINS, AND

ADDING THE VELOCITY INCREMENT NEEDED TO

ACHIEVE A 1.5 ORBIT REVOLUTION LIFETIME,

AV G, -

_V = VIN S - VGO ÷ VG,

THE NEGATIVES OF AV G AND AV ARE PLACED IN THE OUT-

IS MADE FROM THE PROGRAM.

THE VALUES OF THE PROGRAM CONSTANTS USED ARE AS

FOLLOWS -

bll = .26189446E5 b12 =-.12190013E2

b21 = .45033371E3 b22 =-.14732181E2

b31 = .47257040E3 b32 =-.25337494EI

b41 = .26420061E5 b42 =-.15140652E2

b51 =-.?0969714E3 b52 = .1399559gE2

b61 = .33811703E4 b62 =-.6528414_E2

b71 = .26914478E5 b72 =-.2296_395E2

bsl = .1206772BE4 b82 =-.28D86933E2

b91 = .13988601E4 b92 =-.19183242E2

_V I = 300. and _Vos = 5.

_V 2 = 150.

_V 3 = O.

FOR ADDITIONAL INFORMATION, SEE UNITED STATES

GOVERNMENT MEMORANDUM, ''METHOD FOR COMPUTING THE AV

REQUIRED BY THE GEMINI SPACECRAFT AFTER LAUNCH,'' YORK

AND PHILLIPS, JULY l, 1964, REFERENCE - OM(LAP/WY - SVM/

3301.

b13 = .28135934E-1

b23 = .94591081E-I

b33 =-.78762uSIE-2

b43 = .48815426E-I

b53 =-.71819475E-L

b63 = .33140294

b73 = .92525252E-I

b83 = .16171096

b93 = .67145029E-I
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USAGE

A) CALLING SEQUENCE -

TSX CLDVGS_4

PZE LIINPUT)_tLIOUTPUT)

PZE LIV )

PZE L(V )

RETURN

B)

C)

STORAGE REQUIRED -

107 DECIMAL LOCATIONS

TIM[NG -

1,201 MILLISECONDS
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: ENTER :

CIDVGS

• INITIALIZE *

• SAVE XR°S g

ItZo3,5o *

et_itIt_.o_He*

VOL |II REAL TIME PROCESSORS PART ! - LAUNCHIABORI

e* ! • • eYES

*C_*X VAC T GT • .......................

• • • • VIHS •

• NO

k

• • • •YES

• • _VG, LT • • ..................... X.

• 0 •

_o

• 2'S COMP •
• LIINPUTI INTO•
IXRI LIOUTPUT)•
• |NTO XR2 •

•e••ee•e•e•eo••

: ............. : : ............. :
AV = V[N S - VGO + _V G, _ AV = VINs-VAcT_

B

: ............. : _............. :
:

: -_v INTO1,2 :

Jee•eelewee•J•o

CLDA!

• ••• • a i = bil + bi2H •
•A_*.oX•

• ••• _ + bl3H2 •

• -_VG, INTO •

: o,_ :

• CIDAI

• eYES • _ ***

• i LT 9 • .............. X: i+l INTO i e.*.X A_•

• _v

CXOEX

_••••••e**m••m_

: RESTORE XRtS:

t,2*3t5

2

V 1 = al+ a2T +a 3 T i Ex. :
TO _,4

_mmt•t•••t*•e_

• ••••m••••*••••e

• • • * • eN0 _ AV G = AV 2 _ _V 3 - AVz)

• VAC T LT V 2 : ............... X: +_VAcT_V2) ! (V--_2)

• • •*e****•**••*•*

e _ES

• •••••m••••*••m _••••m••ee••*•_ *ee

: _vo:_v_ + ! ................. _: _v°': :...; co:
i : : : ...."
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0

37. CELEVP - ELEVATE PERIGEE

GIVEN A t,T,V DEFINING THE TRAJECTORY OF A SPACE-

CRAFTt CELEVP DETERMINES THE HEIGHT AT PERIGEE AND COM-

PUTES THE DISPLAY QUANTITIES TO BE USED IN RAISING THE

HEIGHT AT PERIGEE TO SEVENTY-FIVE NAUTICAL MILES. CELEVP

IS USED DURING THE HOLD PHASE BY THE AVERAGE VECTORS

PROGRAM, CFCFAV. (SEE FLOWCHART.)

INPUT

A)

B}

THE INPUTt_R,_, IS IN FLOATING POINT IN A SEVEN-

LOCATION TABLE FORMATTED AS FOLLOWS -

L|INPUT VECTORS) t

•I x1
+2

+3

+4 x

CONSTANTS -

KMO0.5 DEC - . 5

DEC + 1.0

DEC ÷ 2.0

KO01.0

KO02.0

TIME IN GMT

SECONDS

_, POSITION

VECTOR IN GEMINI

LENGTH UNITS

v, VELOCITY

VECTOR IN GEMINI

VELOCITY UNITS

FLOATING POINT

MINUS ONE-HALF

FLOATING POINT

ONE

FLOATING POINT

TWO
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K8U°NM

KFTSCG

K.ERGU

KCGUNM

DEC + .21777423E-1

DEC + .25936272E5

DEC + .9992446[

DEC + .34439336E4

SEVENTY-FIVE

NAUTICAL MILES

IN GEMINI LENGTH

UNITS, FLOATING

POINT

CONVERTS GEMINI

VELOCITY UNITS

TO FEET/SECOND,

FLOATING POINT

RADIUS OF THE

SPHERICAL EARTH

IN GEMINI LENGTH

UNITS, FLOATING

POINT

CONVERTS GEMINI

LENGTH UNITS TO

NAUTICAL MILES,

FLOATING POINT

C) PARAMETERS -

TC.NTF NOMINAL OAMS ACCELERATION IN FEET/

SECOND 2

D) COMMUNICATION CELL -

MCLFTM CONTAINS TIME OF LIFT-OFF IN

FLOATING POINT SECONDS, GMT

PROGRAM -

CEAPRV

E)

F)

PROGRAM TO COMPUTE THE VECTORS AT

APOGEE OR PERIGEE

SUBROUTINES -

U3VMAG FLOATING POINT VECTOR MAGNITUDE

UISQRT

U3DOTP

ROUTINE

FLOATING POINT SQUARE ROOT ROUTINE

FLOATING POINT VECTOR OUT PRODUCT
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ROUTINE

OUTPUT

THE OUTPUT IS IN FLOATING POINT IN A SEVEN-LOCATION

TABLE HAVING THE FOLLOWING FORMAT -

L|OUTPUT) e

*1 H
apogee

*2 H
perigee

+3 d

÷ 4 At d

+ 5 GMTPI

÷ 0 GE TPI

ECCENTRICITY

KEPLERIAN HEIGHT AT APOGEE

IN.FLOATING POINT NAUTICAL

MILES

KEPLERIAN HEIGHT AT PERIGEE

IN FLOATING POINT NAUTICAL

MILES

VELOCITY INCREMENT TO BE

APPLIED AT APOGEE TO RAISE

THE FOLLOWING PERIGEE TO

SEVENTY-FIVE NAUTICAL MILES,

FLOATING POINT FEET/SECOND

TIME DURATION OF NECESSARY

OAMS BURN TO ACHIEVE AV d

FLOATING POINT SECONDS

GMT AT WHICH TO INITIATE

BURNt FLOATING POINT SECONDS

ELAPSED TIME FROM LIFT-OFF

TO TIME TO INITIATE BURN,

FLOATING POINT SECONDS

METHOD

THE METHOD USED IS BASICALLY AS FOLLOWS -

A} THE INPUT t,_ ARE USED AS INPUT TO THE PROGRAM

CEAPRV TO COMPUTE THE VECTORS AT APOGEE, ta, r--a,_a'

B} USING THE VECTORS AT APUGEE, THE ECCENTRICITY

AND THE HEIGHTS OF APOGEE AND PERIGEE WHICH ARE
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TO BE PLACED IN THE OUTPUT TABLE ARE DETERMINED.

IT IS TO BE NOTED tlERE, THAT THE COMPUTED

HEIGHTS OF APOGEE AND PERIGEE ARE ESTIMATED

HEIGHTS, ABOVE THE GEMINI SPHEROID, BASED ON

KEPLERIAN EQUATIONS.

THEY DO NOT REFLECT THE DRAG FORCE AND THE

OBLATENESS OF THE EARTH WHICH TEND TO DECAY THE

ORBIT. THUS THESE ESTIMATED HEIGHTS ARE, IN

GENERAL, LARGER THAN THE TRUE HEIGHTS.

ecosE = r v -1
a a

r
a 2

a --
i - eeosE

(e sin E) 2 =
(r a • Va )2 1

e = (e sin E) 2 + (e cos E) 2

Hapogee = K 1 [a(1 + e) - Rsp_aerical earth ] 3

Hperigee = K l[a(1 - e) - Rspherica 1 earth ]

WHERE

K 1 IS THE FACTOR TO CONVERT GEMINI LENGTH UNITS

TO NAUTICAL MILES, KCGUNM

THE ECCENTRICITY AND THE KEPLERIAN HEIGHTS AT

APOGEE AND PERIGEE ARE STORED IN THE OUTPUT

TABLE.
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C)

D)

THE KEPLERIAN HEIGHT AT PERIGEE IS COMPARED

AGAINST SEVENTY-FIVE NAUTICAL MILES.

I) IF THE KEPLERIAN HEIGHT AT PERIGEE IS LESS

THAN SEVENTY-FIVE NAUTICAL MILES, A HEIGHT

INCREMENT IS COMPUTED USING -

_I=75n. mi.-H
perigee

THE VELOCITY WHICH ONE MUST HAVE AT APOGEE

IN ORDER THAT PERIGEE WILL BE SEVENTY-FIVE

NAUTICAL MILES IS COMPUTED USING -

Vd = _/_-a 1AH

A VELOCITY INCREMENT TO BE APPLIEU IN-

STANTANEOUSLY AT APOGEE IS COMPUTED USING -

AV d = V d - V a

THE APOGEE VELOCITY IS INCREMENTED USING -

AV d _
Va' = (I+--_)V a

a

2) IF THE KEPLERIAN HEIGHT AT PERIGEE IS

GREATER THAN OR EQUAL TO SEVENTY-FIVE

NAUTICAL MILES, THE APOGEE VELOCITY IS NOT

MODIFIED.

NOW, THE PROGRAM CEAPRV IS ENTERED TO FIND THE

VECTORS AT PERIGEE t ,rp, V AND a' (SEMI-MAJORP P
AXIS), USING THE VECTORS AT APOGEE AS INPUT. IF

THE ORIGINAL APOGEE VELOCITY HAS BEEN MODIFIED,

IT WILL BE POSSIBLE TO TELL WHETHER THE VELOCITY

INCREMENT COMPUTED AND APPLIED INSTANTANEOUSLY

TO SEVENTY-FIVE NAUTICAL MILES. IF THE APOGEE

VELOCITY HAS NOT BEEN MODIFIED, IT WILL BE
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E)

POSSIBLE TO DETERMINE THE ACCURACY OF THE

ESTIMATED PERIGEE HEIGHT. DUE TO THE FACT THAT

THE PERIGEE HEIGHT WAS AN ESTIMATE, THE VELDCIIY

INCREMENT APPLIED WILL NOT HAVE BEEN SUFFICIENT,

IN GENERAL, TO RAISE THE TRUE HEIGHT OF PERIGEE

TO SEVENTY-FIVE NAUTICAL MILES.

THE HEIGHT AT PERIGEE IS DEIERMINED USING -

H' = r - R
perigee p sphericalearth

THIS NEW HEIGHT IS SUBTRACTED FROM SEVENTY-FIVE

NAUTICAL MILES TO OBTAIN A &H'. IF _H' IS

POSITIVE, THE CORRECTION APPLIED TO THE APOGEE

VELOCITY WAS NOT SUFFICIENT TO RAISE THE TRUE

HEIGHT AT PERIGEE TO SEVENTY-FIVE NAUTICAL

MILES. IF _LH'IS NEGATIVE, EITHER THE TRUE

HEIGHT AT PERIGEE WILL BE GREATER THAN SEVENTY-

FIVE NAUTICAL MILES OR THE CORRECTION APPLIED TO

THE APOGEE VELOCITY WAS TOO LARGE. IN ANY CASE,

FURTHER COMPUTATIONS ARE MADE TO OBTAIN A NEW

ESTIMATE OF THE VELOCITY DESIRED AT APOGEE -

WHERE

Vd = I r/_- l_I'

al + --_-

a' HAS BEEN COMPUTED FRDM IHE APOGEE VECTOR USED

AS INPUT TO CEAPRV IN FINDING THE PERIGEE

VECTORS, AND ra IS THE MAGNITUDE OF THE APOGEE

POSITION VECTOR. _V d IS COMPUTED USING -

&V d = V d - V a
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F)

A TEST IS MADE ON THE SIGN OF AV d -

L) IF IT IS NEGATIVE, IT IS KNOWN THAT THE TRUE

HEIGHT AT PERIGEE WILL BE GREATER THAN

SEVENTY-FIVE NAUTICAL MILES WITHOUT

MODIFICATION OF THE APOGEE VELOCITY AND NO

FURTHER COMPUTATIO_S NEED BE MADE. THE

REMAINING LOCATIONS IN THE OUTPUT TABLE ARE

SET TO ZEROt AND AN EXIT IS MADE FROM THE

PROGRAM.

2) IF AV d IS POSITIVE, CCOMPUTATIONS ARE CON-

TINUED AS DESCRIBED BELOW.

DURING AN ACTUAL MISSION, THE SPACECRAFT

VELOCITY CANNOT BE INCREMENTED INSTANTANEOUSLY,

BUT MUST BE INCREASED GRADUALLY BY FIRING IHE

DAMS SYSTEM. IT IS NECESSARY, THEREFORE, TO

COMPUTE _t d , THE TIME PtRIUD OVER WHICH DAMS

THRUST MUST BE APPLIED IN ORDER TO INCREMENT THE

ORIGINAL APOGEE VECTOR BY AV d. THE FOLLOWING

EQUATION IS USED -

&V d
_td - OAMS aeeeler_ion

SINCE IT IS ACTUALLY DESIRED THAT THE VELOCITY

BE INCREMENTED INSTANTANEOUSLY AT APOGEE, THE

BEST ALTERNATIVE SEEMS TO BE TO FIRE THE DAMS

SYSTEM FOR THE SAME AMOUNT OF TIME IMMEDIATELY

PRECEDING AND FOLLOWING APUGEE SO THAT THE

SPACECRAFT VELOCITY WILL BE INCREMENTED EVENLY

ON EITHER SIDE OF APOGEE. THE GMT AT WHICH TO

INITIATE DAMS BURN IS CUMPUTED USING -

GMTPI = t _td
a 2
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G}

H)

THE TIME TO INITIATE BURN IN ELAPSED TIME SINCE

LIFT-OFF IS COMPUTED USING -

GETPI = GMTPI- _fftoff

AVd,&td, GMTPI AND GETPI ARE PLACED IN THE OUTPUT

TABLE AND AN EXIT IS MADE FROM THE PROGRAM.

IF THE GMTPI COMPUTED IS LESS THAN CURRENT TIME

(THE TIME TAG ASSOCIATED WITH THE INPUT

VECTORS), IT WILL NOT BE POSSIBLE TO INITIATE

DAMS BURN AT THE GMTPI RECOMMENDED. IN THIS

CASE, GMTPI AND GETPI ARE SET TO ZERO, INDEX

REGISTERS ARE RESTORED AND AN EXIT IS MADE FROM

THE PROGRAM.

IT IS POSSIBLE THAT ECCENTRICITY WILL BE CLOSE

TO ZERO, IN WHICH CASE APOGEE AND PERIGEE ARE

POORLY DEFINED. IF APOGEE IS POORLY DEFINED,

AN ERROR RETURN WILL RESULT FROM THE FIRST ENTRY

TO CEAPRV. IN THIS CASE, SINCE IT IS KNOWN THAT

THE TRUE ORBIT IS NEARLY CIRCULAR, THE INPUT

VECTORS ARE USED TO COMPUTE THE ECCENTRICITY AND

TRUE KEPLERIAN HEIGHTS OF APOGEE AND PERIGEE BY

THE FOLLOWING -

eoos E = rv2 - 1 1

r 2
8 = 1 - e cos E

(e sin E) 2 = _-k-_2
a

1

Fundamentals of Celestial Mechanics, J. M. A. Danby, The Macmillian Com

New York, 1962, p. 162.
2

ibid., p. 125
3

ibid., p. 124 26?
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e = (e sin E) 2 + (e cos E) 2

H
apogee = K l[a(l + e) - Rspherica I earth]

Hperigee = K l[a(1 - e) - Rspherica 1 earth]

THE ECCENTRICITY AND THE HEIGHT_ OF APOGEE AND

PERIGEE ARE STORED IN THE OUTPUT TABLE. SINCE

THE APOGEE VECTORS CANNOT BE DETERMINED AVd, Atd •

GMTPI AND GETPI CANNOT BE COMPUTED. THE

LOCATIONS IN THE OUTPUT TABLE WHICH THEY OCCUPY

ARE SET TO ZERO AND AN EXIT IS MADE FROM THE

PROGRAM.

ON THE OTHER HAND, THE CASE MAY ARISE WHERE THE

ORBIT IS SUFFICIENTLY ELLIPTICAL SO THAT AN

APOGEE VECTOR MAY BE FOUND, BUT THE HEIGHT AT

APUGEE MAY BE FOUND TO BE ONLY SLIGHTLY GREATER

THAN SEVENTY-FIVE NAUTICAL MILES. IN THIS CASE,

WHEN THE APOGEE VELOCITY IS INCREMENTED, A NEW

ORBIT IS DEFINED WHOSE ECCENTRICITY WILL, IN

GENERAL, BE CLOSE TO ZERO SINCE THE INCREMENTED

VELOCITY WILL RAISE THE HEIGHT OF PERIGEE TO

NEARLY SEVENTY-FIVE MILES. IN THIS CASE, THERE

WILL BE AN ERROR RETURN FROM THE SECOND ENTRY

TO CEAPRV BECAUSE IT WILL NOT BE POSSIBLE TO

FIND THE VECTORS AT PERIGEE. IF THIS HAPPENS,

THE LOCATIONS OCCUPIED IN THE OUTPUT TABLE BY

AVd, At d, GMTPI AND GETPI ARE SET TO ZERD AND AN

EXIT IS MADE FROM THE PROGRAM.
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I) IF THE GMT OF THE INPUT VECTORS IS GREATER

THAN THE GMT OF THE VECTORS AT APOGEEt NORMAL

RETURN £ WILL RESULT FROM THE FIRST ENTRY TO

CEAPRVo IN THIS CASE, II IS TO0 LATE [0 MAKE A

RECOMMENDATION TO FIRE THE OAMS SYSTEM BEFORE

ARRIVING AT APOGEE. THE ENTIRE OUTPUT TABLE IS

SET TO ZEROSt AND AN EXIT IS MADE FROM THE

PROGRAM.

USAGE

A)

B

C)

CALLING SEQUENCE -

TSX CELEVPp4

PZE L(INPUT t,_,_)t,L(OUTPUT)

RETURN

STORAGE REQUIRED - 172 DECIMAL LOCATIONS

TIMING - 536 MILLISECONDS, MAXIMUM (INCLUDES ALL

SUBROUTINES)

ACCURACY

IT WAS F()UND THAT -

A)

B)

IF COMPUTED H (KEPLERIAN) > D, APPLYING THE
p

NOMINAL OAMS ACCELERATION FOR _t d SECONDS

BEGINNING AT GMTPI RESULIED IN RAISING THE

HEIGHT OF PERIGEE TO WITHIN + .1N.MI. OF 15 N.

MI.

IF COMPUTED H (KEPLERIAN) < Or APPLYING THE
P

NOMINAL OAMS ACCELERATION FOR At d SECONDS

BEGINNING AT GMTPI RESULTED IN RAISING THE

HEIGHT OF PERIGEE TO WITH _ .7 N.MI. UF 75 N.MI.
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i ENTER
FROM 0,4

EELEVP

; INST. SAVE:
• XR°S 1t2,4

*LIINPUTI INTO•
• CALL SEG FOR*
• CEAPRV 2aS •
• COHP LI[NPUT)e
HHH**H*HH
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UISQRT

• **• ** COMPUTE
• B0*X •

• **• • V a _ Va2 •*

• * EEL2

• *YES *••*

• • IS THERE AN * •_= C5 ••

ERROR • •27Z•

a COS E = r e va2-i

r a

a = I -COS E

•OO•X

• ..o. .....
S = 0 *X C$ *

• •27L,

• _E$

• • L •YES

• • Hp GT TSIK 1 : • ........

• NO

i
••.••.•i.••Him

!_=_ -Hp:'''_A2'''. .27L.

• * •*H

CONP i: LIOUTPUTI
INTO XR2 0

• INTO 5 •

..-.%%_%%......
• COMPUTE *

" .... L_..:e..... ""

CELE

• ta, ra, Va INTO • _*,,.

• _...X A8 *

: ',,_.,_, : :_"

• CEAPRV COMP •

• • VEC AT APOGEE *•

• t a, r a v a .

(e _N E) 2 = ra " va
a

CEL2

• *YES •*••

• • IS THIS A " •X " C5*•

NORMAL RETURN • ,2TL•

CEL3

• " *YES ;'"ffg_':*_";
• * INPUT t,_, _ *

• ERRORI_TH,_RETOR_.,• ................ i_'O '='_='Li

2x............................... 2

EEL*

• VMAG COMP *

• _•r a =

i
UISQRT

s• COMPUTE •

i
• CEL2

• •YES **•*

• IS THERE AN ,X C5**
• ERROR •27L•

CEL2

• • •YES •*••

• • IS THERE AN " •_- C5••
ERROR * •E71*

• •H•

NO

: e INTU 9.E •

............... H po,ee = KI_(I+3)-RSE ] INTO 1,2 ...............

• COMPUTE • •••

v 2 2 2 2:'"_ Bo: "p=_)-%-E ". :..._:"'**'oo:

a••,•,••••••••,•_ xa + Ya + za Hpertffe e = KI.Hp]2qTO2. 2 _•••••••••.•••_ •••
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COMP
H'=r -RSE

""_"'_ ........ .. ""%'E'_"" .... :
! °° ?5

H'p_ e . *•eB0i'°X: AH' =KI- _CD:.oX: GMTPI-tlo : ..........................

• INTO 6, 2
i_ °**eoeie•• ••***_ *• ****•*****eeIi*

_! • eeoc• • ••omit

ooe _e••*o**om*•eee

• *..X: 2 2 1

.." "_I_T"_".

• • Vd Vd2 e••

*•o*ee••••••*e•

• COMPUTE •

• Vd = V_d2 •*

*

• *

• *YES ice

IS THERE AN * *_ gb'*

ERROR * • •
• • ••=

• *

• eYES eee

IS THERE AN e_ C6e e
• ERROR • • *

• ***

• I e •

NO

_••eeee•• •e•**_

AVd = Vd - V a !

:.............•

_••ee*•ee••*e•_

! AVd=Vd-Va i

e•t••eQ•_e•••

i

INTO Ia, _a,_a i

CEL6

e•t • CEAPRV COMP e

i-:-: to.rp.v:_ :.
ee• • a' USING t a r a, v .

• CEL2

• * * .YeS •** _****" ..... **':

• _V d LT = 0 • e°., .... _CSeoX_ OINTDINT01,_ _ Z_••

• :... : INTOz,z :
• e ee•••e_ee•• ol_

_o

•*e*ee••e•eee•e

K 2 AV d •

• INTO3,2

_e*ee_*e*e**ee•

........ o ...... X_

• ** • •

eEbe..X• 0 INTO 3,2 3

INTO _,2

•-- l .............

_'_*"---o'% t - At
: Atd = OA---_-_CC _ GMTPI = a "_
*

• IN 4 2 •

• • • • * eYES

• •

GMTPI LT t • ..................... X.

e

• _o

_i•*leeo•*•***_
.el• *

• Obe*,X: REST3RE XR'Se

• . : ............. :

_e••o••••e•••••

: exI_ :
• .1_._:: ........ •

X

• eYES ••e

IS THERE AN • •_( Cb:

ERROR • e •

• * • • ••e

.......... Xe BO_

: GMTPI INTO :..°_ _0:

5,Z * *

• • ••***eHeee••

Z71

_••eeee••••e*•_ el•

INIO 6,Z *

: ............. : -.-



VOL Ill REAL TIME PROCESSORS PART I - LAUNCH/ABORT

38. CEAPRV - COMPUTE THE VECTORS AI APOGEE UR PERIGEE,

GIVEN A t,_,V DEFINING THE TRAJECTORY OF A SPACE-

CRAFTt CEAPRV DETERMINES THE t,_,_ AT APOGEE OR PERIGEE.

IT IS A SUBROUTINE OF CELEVP, WHICH COMPUTES THE .VELOCITY

INCREMENT TO BE APPLIED AT APOGEE [0 RAISE THE HEIGHT Af

THE FOLLOWING PERIGEE TO 75 NAUTICAL MILES. (SEE FLOW-

CHART.}

INPUT

A) THE INPUT t,_,V IS IN FLOATING PDINT IN A SEVEN-

LOCATION TABLE. WHEN AN ENTRY IS MADE TO COM-

PUTE THE VECTORS AT PERIGEE, THE INPUT t,_,_ MUST

BE THE TIME, POSITION AND VELOCITY AT APOGEE.

THE TABLE IS FORMATTTED AS FOLLOWS -

L{INPUT VECTORS} t lIME IN GMT SECONDS

÷I x

+2 y

+3 z

÷_' x

POSITION VECTOR IN

GEMINI LENGTH UNITS

V VELOCITY VECTOR IN

GEMINI VELOCITY UNITS

B} CONSTANTS

KMO000 DEC -0

KO0000 DEC D

KO00Ol DEC I

KO0002 DEC 2

KO00O4 DEC 4

272

MINUS ZERO

ZERO

FIXED POINT ONE

FIXED POINT fWO

FIXED POINT FOUR
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KO00O6 DEC 6

KOOO07 DEC 7

K00022 DEC 22

KMO.UT DEC-806.81364

K003.5 DEC .5

KO01.O

KOO.PI

KKK2PI

DEC 1.0

DEC 3.141592?

DEC 6.2831853

G022.0 DEC 22.

K032.0 DEC 32.

K128.0 DEC 128.

KOO.UT DEC 806.81364

KCH233 DEC 233000000000

FIXED POINT SIX

FIXED POINT SEVEN

FIXED PD|NT TWEN-

TY-TWO

CONVERTS GEMINI

TIME UNITS TO SEC-

ONDS (NEGATIVE)

FLOATING POINT

ON-HALF

FLOATING POINT ONE

FLOATING POINT PI(_)

FLOATING POINT

TWO PI (8 _)

FLOATING POINT

TWENTY-TWO

FLOATING POINT

THIRTY-TWO

FLOATING POINT

ONE-HUNDRED AND

TWENTY-EIGHT

CONVERTS GEMINI

TIME UNITS TO SEC-

ONDS

MASK FOR FLOATING

POINT CHARACIER-

ISTIC

C) PARAMETERS -

TCWF.B CAPSULE ORBIT WEIGHT IN FLOATING

POINT POUNDS

D) PROGRAM -

CORKNI LAUNCH NUMERICAL INTEGRATION PRO-

GRAM
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E) SUBROUTINE -

UIATAB

U3VMAG

UISQRT

ll3DOTP

FLOATING-POINT ARCTANGENT ROUTINE

FLOATING-POINT VECTOR MAGNITUDE

ROUTINE

FLOATING-POINT SQUARE ROOT ROUTINE

FLOATING-POINT DOT PRODUCT ROUTINE

INTERMEDIATE OUTPUT

A) TABLES

TCRKOH SEE CHABRT FOR DESCRIPTION

TCRKOT SEE CHABRT FOR DESCRIPTION

(THESE TABLES ARE USED ONLY FOR INTERMEDIATE OUTPUT

BY CEAPRV IN ORDER TO AVOID DEFINING EXTRA INTERMEDIATE

STORAGE WITHIN CEAPRV ITSELF. THE FIRST 8 DECIMAL LOCA-

TIONS OF TABLE TCRKOH ARE USED BY CEAPRV AND THE FIRST 50

DECIMAL LOCATIONS OF TABLE TCRKOI ARE USED.)

OUTPUT

THE OUTPUT IS IN FLOATING POINT FORMATTED IN AN

EIGHT-LOCATION TABLE AS FOLLOWS -

L(OUTPUT) t TIME OF APOGEE OR PERIGEE IN GMT

+I x

+2 y

+3 z

+5

*7

SECONDS

POSITION VECTOR AT APOGEE OR

PERIGEE IN GEMINI LENGTH UNITS

VELOCITY VECTOR AT APOGEE OR

PERIGEE IN GEMINI VELOCITY UNITS

SEMI MAJOR AXIS OF THE ELLIPSE

IN GEMINI LENGTH UNITS COMPUTED
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FROM THE VECTORS INPUT TO

CEAPRV.

METHOD

UPON ENTRY TO THE PROGRAM, I_DEX REGISTERS ONE

THROUGH SIX ARE SAVED AND THE LOCATIONS OF THE INPUT AND

OUTPUT TABLES ARE PICKED UP. THE GENERAL METHOD USED IS

TO COMPUTE AN APPROXIAMTE TIME FOR APOGEE OR PERIGEE

USING KEPLERIAN EQUATIONS -

2
e cos E = rv -1

r

a 1 - e cos E

--P2= K1 _ a3/2

WHERE

P IS THE PERIOD OF MOTION FOR THE ELLIPSE IN SECONDS

AND K 1 IS THE FACTOR TO CONVERT GEMINI TIME UNITS TO SEC-

ONDSp KOO.UT.

B) IF THE APPROXIMATE TIME OF PERIGEE IS BEING CDM-

PUTED, THE INPUT TIME IS THE TIME OF APOGEE.

THE TIME OF PERIGEE OS COMPUTED BY THE FOLLOW-

ING -

t =t +_
p a 2

C) IF THE APPROXIMATE TIME OF APOGEE IS BEING COM-

PUTED, TH_ FOLLOWING EQUATIONS ARE APPLIED -
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m__

r.v
e sin E =

a

-i e sin E
E = tan

e cos F_

M = E -e sin E

(t-T) = K 1 M a 3/2

t 1 = t -(t-T)

P
t a = t 1 + _-

O<_E<2

THE "SEMI-MAJOR AXIS OF THE ELLIPSE, a, IS PLACED IN

THE OUTPUT TABLE. THE ACTUAL TIME UF APOGEE OR PERIGEE

WILL DIFFER FROM THE COMPUTED TIME BECAUSE THE DRAG FUNC-

TION AND THE OBLATENESS OF THE EARTH WHICH TEND TO DECAY

THE ORBIT ARE NOT TAKEN INTO ACCOUNT IN THE ABOVE EQUA-

TIONS. IF THE APPROXIMATE GMT OF APOGEE IS LESS THAN THE

GMT OF THE INPUT VECTORS, THE VECTORS AT APOGEE WILL NOT

BE DETERMINED. THE INDEX REGISTERS ARE RESTORhD AND NOR-

MAL RETURN I IS MADE FROM THE PROGRAM.

KNOWING THE APPROXIMATE TIME OF APOGEE OR PERIGEE,

AN ITERAIIVE PRUCEDURE IS USED TO FIND THE TRUE TIME OF

APOGEE OR PERIGEE AND THE ASSOCIATED POSITION AND VELOC-

I. FUNDAMENTALS OF CELESTIAL MECHANICS, J.M.A.DANBY,

THE MACMILLAN CO., NY, 1962, P.L52.

2. IBID., P.125
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ITY VECTORS. A FACTOR OF ONE-HUNDRED AND TWENTY-EIGHT

SECONDS IS SUI_TRACTED FROM THIS APPROXIMATE TIME, AND THE

INPUT VECTORS ARE INTEGRATED AHEAD TO THIS NEW TIME USING

CORKNI TYPE 2 WITH TWENTY-TWO STEPS AND NO LIFT AND NO

THRUST. THE STEP SIZE FOR THIS INTEGRATION IS COMPUTED

USING -

t - 128 t - 128

step size - a (for apogee) or step size = P (for perigee).
22 22

USING THE VECTORS OBTAINED FROM THIS INTEGRATION, A TABLE

OF VECTORS IS GENERATED USING CORKNI TYPE 4 TO INTEGRATE

SEVEN STEPS FORWARD AT A THIRTY TWO SECOND STEP SIZE.

THE TABLE CONTAINS EIGHT POSITI(}N AND VELOCITY VECTORS

REFLECTING THE TRAJECTORY ONE-HUNDREU AND TWENTY EIGHT

SECONDS BEFORE, AND NINETY-SIX SECONDS AFTER THE TIME OF

APOGEE OR PERIGEE WHICH WAS FIRST COMPUTED.

SINCE APOGEE IS THAT POINT ON THE ORBIT WHICH IS

FARTHEST FROM THE CENTER OF THE EARTH, AND PERIGEE IS

THAT POINT WHICH IS CLOSEST TO THE CENTER OF THE EARTH, A

BETTER APPROXIMATION OF THE TRUE APUGEE OR PERIGEE CAN BE

DETERMINED BY CHOOSING THE t AND V ASSOCIATED WITH THE

LARGEST OR SMALLEST JrJ 2 DEPENDING ON WHETHER APOGEE OR
2

PERIGEE IS BEING DETERMINED. IF THE CRITICAL JrJ IS THE

FRIST OR LAST ENTRY IN THE TABLE, IT IS NOT POSSIBLE TO

DETERMINE, WITHOUT FURTHER INTEGRATI[JN BACKWARDS OR FOR-

WARD, WHETHER OR NOT THE lrJ2 CHOSEN IS THE LARGEST OR

SMALLEST THAT EXISTS FOR THE TRAJECTORY. IN THIS CASE,

OUR ORIGINAL ESTIMATE OF THE APPRUXIMATE TIME OF APOGEE

OR PERIGEE WAS TOO INACCURATE AND COMPUTATIONS CANNOT BE

FINISHED. INDEX REGISTERS ARE RESTORED AND THERE IS AN

ERROR RETURN FROM THE PROGRAM.
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ON THE OTHER HAND, IF THE POSIIION VECTOR MAGNITUDES

ARE ALL OF THE SAME SIZE, IT IS LIKELY THAT THE TRAJEC-

TORY IS NEARLY CIRCULAR AND HAS NO TRUE APOGEE OR PERIGEE

SINCE ALL POINTS ARE THE SAME DISTANCE FROM THE CENTER OF

THE ERATH. IN THIS CASE, ALSO, THERE IS AN ERROR RETURN

FROM THE PROGRAM. IN GENERAL, HOWEVER, UNLESS ECCENTRI-

CITY IS SMALL MEANING THAT THE URBIT IS NEARLY CIRCULAP

AND THAT APOGEE AND PERIGEE ARE POORLY DEFINED, THE MAXI-

MUM OR MINIMUM Irl 2 WILL NOT BE THE FIRST OR L,,ST ENTRY

IN THE TABLE.

2
NOW, ASSUMING THAT A MAXIMUM UR MINIMUM Irl HAS

BEEN FOUND SUCCESSFULLY, THE ASSOCIATED TIME IS COMPUTED

KNOWING THE TIMES OF THE FIRST AND LAST ENTRIES IN THE

TABLE, AND THE ASSOCIATED VELOCITY IS PICKED UP FROM THE

TABLE. THE t,_ANI)_ ARE USED AS INPUT TO CORKNI TYPE

TO INTEGRATE ONE STEP FORWARD AND ONE STEP BACKWARD AT A

SIXTEEN SECOND STEP SIZE WHICH IS HALF OF THE STEP SIZE

2
ORIGINALLY USED. THE MAXIMUM OR MINIMUM Irl IS AGAIN

CHOSEN AND THE ASSOCIATED t,_ANI)_ ARE PICKED UP.

THE ITERATIVE PROCESS CONTINUES. EACH TIME A NEW

t,_AND_ARE DETERMINED, THE STEP SIZE IS HALVED BEFORE THE

NEXT ENTRY TO CORKNI TYPE 4 IS MADE. THE t,_,ANDVASSOCI-

ArED WITH THE MAXIMUM OR MINIMUM Irl 2 ARE INTEGRATED ONE

STEP FORWARD AND ONE STEP BACKWARDS. THE PROCESS IS COM-

PLETED WHEN THEt_,AND_ ASSOCIATED WIIH A FOUR SECOND STEP

SIZE HAVE BEEN FOUND. AT THIS POINT, THE APOGEE OR

PERIGEE t,rANDv HAVE BEEN DETERMINED TO WITHIN APPOXIMATE-

LY TWO SECONDS OF THE TRUE APOGEE OR PERIGEE.

THEt_AND_AT APOGEE t)R PERIBEE ARE PLACED IN IHE

OUTPUT TABLE, INDEX REGISTERS ARE RESTORED, AND AN EXIT

IS MADE FROM THE PROGRAM.
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USAGE

A)

B)

C)

CALLING SEQUENCE -

TSX CEAPRV,4

H L(INPUT tt_,_),tL(OUTPUT)

ERROR RETURN

NORMAL RETURN I

NORMAL RETURN 2

H = PZE MEANS COMPUTE THE VECTORS AT APOGEE

H : MZE MEANS COMPUTE THE VECTORS AT PERIGEE

STORAGE REQUIRED -

197 DECIMAL LOCATIONS

TIMING -

268 MILLISECONDS (MAXIMUM) INCLUDES ALL SUB-

ROUTINES
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*BOeX

**

• • CEAB

• . • : ............. : .. : ............. }
• ..c-_ _s ....... R: _,=_ : ........... :o_:.._: _o*.-_-

• • •

• . • : .. : ............. :

" _o

CEAPRV

LIINP T) SET*
XRSt S* •CORKNY CALL •

• SEQ* *
•**********•***

:"_'_;:":
• LIINPUT) TO *

XRIL(OUTPU_) TO_
• XR2 *

._;_ ........ ..
.e COMPUTE r =

***•*******•*••

• * U3DOTP **

• COMPUTE
• -- -

ra,V s

i
*•••H•HiQeH•

_eslnE= ra'va **

•.--'---_,^_^- ....... .
• COMPUTE *

• * E = tan -I e st E •e
ecosE *

: 22 INTO N *

_eeeee**•e•*••*

•*******•*e****

* CORKN[ (2) *

• e INTEG ta, _a' _a TO•*

e• te, ?e. Ve •

• USING N STEPS •

n = step size

=EAER

• • eyE_ •**=,

.. ,s,_E,E"..o2""L=*."
E,ROR e**.

• *

• CEAER

• • * *YES *•••

• ,s*.EREA,"'"';C*'-
• • ERROR • **••

• • CEAER

• • * eYeS .... _e••• ......... _ ....

." ,s,.E. A, "-: _''* : . ,_'0o:..._R_'.
ERROR •_ 2 _l • •2_ll

...:...•. .......
v 2 = xs2 + ya 2 + ta 2

e col E = rv 2-I

• * " *YES : ...... ** ..... : *"

• " [s e LT 0 " . ............................................... _:. e • z_ _,_:...; B_:

u*•••*••**••*•** *r

: a=_:
• aTNTO 7,2 **

***•*••*••***e•

**'. •M=E-esinE *

*B6•**X• *

UISQRT

.* COMPUTE :s

••••••***••*•e•

• t I = t a - (t a - T) *

• CEAER
e

• • eYES ***e

• IS THERE AN • ._ CLe•

• ERROR • *_82•

i _-_, ,//_ : .....

• CEAN_

* • *YES •••*

• *t e _ t i -t a LT/- 0 • •_ Or*•
• •28_•

:._9 ......... o.

2R0
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.... _'_'_ ...... ..
:A0°. m GEN. ri. _ i

:** • •1 TABLE USING i I te ' Fe ' Ve

STEPS FRWD

n = step size

CEAER

• * * -YES **..

• " IS THERE AN • *_ CI'•
ERROR • "282•

:•-*°•-•*••--*:

•s INTOITERI:• INTO COUNT
• INTO i •

: ............. :

CEA2

... : ............. :
*A3 ..Xe COUNT INTO S:

.*****,***,**••

*• • COMPUTE °

:A_:..x: _i2
.. . = x 2 + 2 _

] Yi 2 + zi

• " .NO "............."
• • * S-I INTO S Q•

• i LT COUNT ° .............. XeINTO C I [NTOm

• * r I INTO i *

• _ES

LEA6 * *
@ e

I

: i • I iNTO i*...X A4• *S6•X H = I-I

: : "..." ...* -

• • _0

CEA13 • •

*YES • *NU

• ............ x (ri+l)2 LT/= (ri) 2 * " .......................

• *H

* YES * •
.......... X- C8-

CEAII

:.EA7 • •

• • " -YES l• * e •YES •**•

(ri)2GT(ri+l) * ......................................... *m•OT•X lEER 5I _ •X B) •
. * -282•

* NO • NO * •
.......... X• A2 •

" .28Z-

; ................................. CEA3

CEAIZ R

• CB•..Xe I [NIU L

• * CEib

• • • S-I [NI3

s G_ i .................r,_ INT0_ :..._,,:
• * i_L INTO i : "°.•"

.......... X• DT-

CEA7
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*B0 *

• eYES

• *NO

• : C LT 7

• * _'ES

C£A3 •...•.eXee••**•

,_.*° ; t (i:m)=ec
• A2 o,Xe + L(_, _TABLE) + 2

:*ee +* FLOAT C

.tm-n-C+t i

CEAER CEA_L

... :.............: ... :.............:
R_STDR_ XR_ • • • RESTORE XRW •.........:cz'..x::IRR+_• : • 0! ..XeCIXR_I+Z I_T_*

• • • INIU XR4 • • • • XR_

•.. :.............: .-. :..............

.

.x ...............................

i

• C2•..W_ RESIORE XW'S_

• * • _,2,5,5,6 •

: tin' _m I _m •••••••••..*•.•

••••*O*H•H*•*

• * " *YES ;**"*** ...... :

ITER GT L * .............. X_" IrER -1 INTO:

• • ITER

• • _ • *HH*•*•**O°***

;o

: te' _e' Ve INTO : : ............. :

_ - n •

:to.t,ro.tyout: : T into. :

: RESTO._x.R :...; cz:
....,,...•..1...

CORKNI (4)

• mTEG te, _e' Ve •1

•HH*H•H•*H

ISTEP BKWDAND FRWD.

n = step size

• • CEAER

• " ,YES •-.

IS rHERE AN IX CI_
ERROR • • •

• , * "*°

CEA2

:.............: ....
• 3 INTO OUNT._..._ A)'.
• I INtO I • 128L1

I iiii
•,H•HH•.•,.O
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39. CPRVCM - LAUNCH PRESENT VECTORS COMPUTATIONS

THIS PROGRAM COMPUTES CERTAIN QUANTITIES FOR DISPLAY

FROM THE INPUT VECTORS AND THEIR ASSOCIATED TIME. (SEE

FLOWCHART)

INPUT

A) CONSTANTS -

KOOOOI

KO0003

K.ERGU

K.OMES

KCGUNM

KFTSCG

KGUFTT

KLAMDO

KLAMSP

DEC I FIXED POINT ONE

DEC 3 FIXED POINT THREE

EQUATORIAL RADIUS OF THE EARTH

IN FLOATING POINT GEMINI LENGTH

UNITS,

ROTATION OF THE EARTH IN

FLOATING PUINT RADIANS PER

SECOND,
e

NAUTICAL MILES PER GEMINI LENGTH

UNIT IN FLOATING POINT, k I

FEET PER SECOND PER GEMINI

VELOCITY UNIT IN FLOATING POINT,

k 1

FEET PER GEMINI LENGTH UNIT IN

FLOATING POINT, k3

LONGITUDE OF GREENWICH AT MID-

NIGHT PRECEDING LAUNCH IN

FLOATING POINT RADIANS, _0

LONGITUDE OF PAD IN FLOATING

POINT RADIANS,
P

(THROUGHOUT THE PROGRAM THE

LOCATION OF THE CENTRAL RATE

TRACKER OF THE GE RADAR IS USED
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B)

KSNLPP

KCSLPP

KRPCLP

KRPSLP

TABLES -

TMCS_O

TMSNBO

TPVRQD

AS THE LOCATION OF THE PAD. THIS

THIS WAS DONE TO HAVE THE OUTPUT

CONSISTANT WITH THAT OF THE

BURROUGHS GE COMPLEX AT CAPE

KENNEDY.)

SINE OF GEODETIC LATITUDE OF THE

PAD (sin L' )
P

COSINE OF GEODETIC LATITUDE OF

THE PAD (cos L' )
P

(R'o)(COS Lp) WHERE R' 0 IS THE

DISTANCE FROM THE

GEOCENTER TO THE PAD

IN FLOATING POINT

GEMINI LENGTH UNITS

AND L IS [HE GEO-
P

CENTRIC LAIITUDE OF

(R'o) (sin Lp) THE {d,s,_ ORIGIN

IN FLOATING POINT

RADIANS

A I-LOCATION TABLE CONTAINING

THE COSINE OF flO IN FLOATING

POINT RADIANS

A I-LOCATION TABLE CONTAINING

THE SINE OF flO IN FLOATING POINT

RADIANS I flO IS THE NOMINAL AZI-

MUTH OF THE SPACECRAFT FROM THE

GE RADAR AT CAPE KENNEDY AT THE

NOMINAL TIME OF SECOND-STAGE

CUTOFF

A 3-LOCATION PARAMETER TABLE

USED IN COMPUTING THE REQUIRED
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C)

L[INPUT)

L(INPUT

+I

÷2

+3

+6

+5

VELOCITYt V r

THE ADDRESS OF A ?-LOCATION

TABLE CONTAINING THE INPUT

VECTORS AND THEIR ASSOCIATED

TIME

t. TIME OF VECTORS IN FLOATING
I

POINT GMT SECONDS

il r3 - POSITI_ VECTOR IN FLOATING POINT GEMINILENGTH UNITS

i_ _3 - VELOCITY VECTOR IN FLOATING POINT GEMINIVE LOC ITY UN ITS
÷6

THE SUBROUTINE A3GSCP AND THE LIBRARY ROUTINES

UIASCO, UIATNA, UISICO, UISQRT, AND U3VMAG ARE

ALSO USED.

OUTPUT

A) TABLES -

L(OUTPUT) A £3-LUCATION TABLE CONTAINING

THE COMPUTED DISPLAY QUANTITIES

[SEE FLOWCHART}

METHOD

CPRVCM USES THE FOLLOWING FORMULAS IN ITS COMPU-

TATIONS -

A! r = (X 2+Y2+ Z 2) 1/2

B } r(feet) = k3r
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C) v= (_2 +_2+ _2) 1/2

D ) V r = (k 6 r + k7)/r 1/2

E)

F) i : tan -1 ((h2 + h2y)1/2/h z)

WHERF

h2= ((Y)(Z) - (Z)(T_))2
X

h2= ((Z)()C)- (X)(Z))2
Y

h = ((X)(Y) - (Y)(X))
Z

G) R 2= A TB T (CTR 3-Rc)

WHERE -

R3=
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' o cos Lpl
= 0

Rc '0 sin Lp

F-cos fl0 sin fl0 01AT= [-s 0 flO-c°s flOO0 1

I sin L' 0 -cos L'pl

P
IT= 0 i 0

cos L' 0 sin L'
P P

Fcos _2 sin _ 0 1cT= L-:in_2 cos_20 01

FOR DERIVATION OF E), SEE ''DERIVATION OF FLIGHT PATH

ANGLE FORMULA. IT

FOR DERIVATION OF F), SEE ''DERIVATION OF INCLINATION

ANGLE FORMULA. I'

FOR DERIVATION OF G), SEE ''DERIVATION UF INERTIAL TO

PAD COORDINATE CONVERSION.''

USAGE

A) CALLING SEQUENCE -

TSX CPRVCM, 4

H L{INPUT),tL|OUTPUT)

RETURN

/
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B)

C)

D)

WHERE h MAY BE EITHER A PZE OR AN MZE. IF PZE, s

AND d ARE INCLUDED IN THE COMPUTATIONS. IF MZE,

s AND d ARE NOT INCLUDED IN THE COMPUTATIONS.

STORAGE REQUIRED -

17B LOCATIONS

lIMING (?094) -

H A PZE, 5.5604 MILLISECONDS

H AN MZEt 4.6084 MILLISECONDS

ERROR CONDITIONS -

IF A3GSCP RETURNS VIA THE ERROR EXIT, THE

QUANTITY H {THE HEIGHT OF THE SPACECRAFT ABOVE

AN OBLATE EARTH) IS SET TO 999.9 NAUTICAL MILES,

THE LATITUDE OF PRESENT POSITION IS SET TO ZERO,

A_D THE LONGITUDE OF PRESENT POSITION IS SET TD

RADIANS. ALL OTHER ERROR RETURNS (I.E., FROM

LIBRARY SUBROUTINES) ARE IGNORED BY THE PRUGRAM.
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LOCATION

L(OUTPUT)

÷I

+2

+3

÷4

÷5

÷6

_T

+8

÷9

OUTPUT TABLE FROM CPRVCM

DESCRIPTION

MAGNITUDE OF INPUT VELOCITY

VECTOR IN FLOATING POINT GEMINI

VELOCITY UNITS, l_i

MAGNITUDE OF INPUT VELOCITY

VECTOR IN FLOATING POINT FEET

PER SECOND, v'

VELOCITY REQUIRED IN FLOATING

POINT FEET PER SECOND, V r

FLIGHT PATH ANGLE IN FLOATING

POINT DEGREES, T

FLIGHT PATH ANGLE IN FLOATING

POINT RADIANS, T

RATIO OF ACTUAL VELOCITY TO

VELOCITY REQUIRED FOR ORBIT,

v'/Vr (DIMENSIONLESS)

INCLINATION ANGLE IN FLOATING

POINT RADIANS, i

HEIGHT OF SPACECRAFT ABOVE A

SPHERICAL EARTH IN FLOATING

POINT NAUTICAL MILES, (I_I-R)

LATITUDE OF PRESENT POSITION IN

FLOATING POINT RADIANS,--_DP

LONGITUDE OF PRESENT POSITION IN

FLOATING POINT RADIANS,
PP
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OUTPUT TABLE FROM CPRVCM

LOCATION

+I0

+II

+12

DESCRIPTION

CROSSRANGE DISTANCE IN FLOATING

POINT NAUTICAL MILES, s

DOWNRANGE DISTANCE IN FLOATING

POINT NAUTICAL MILES,d

HEIGHT OF SPACECRAFT ABOVE AN

OBLATE EARTH IN FLOATING POINT

GEMINI LENGTH UNITS,H
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• **mm•*w*m•*m••

i ENTER!
CPRVCM

**•.**•mto.••**

CPROV CPREX

** _****•*•,***•el *** i •°elII°••e•H_

• " " 7 = 8in-l(r-v)/(Irl _1) • • •:C0_*'X_INTOOUTPUT TABLE ,D3:..X* RESTORE XR_ :

.• :Y :K4(_TO •. :............. :
OUTPUT TABLE

SAVE XR-S i
[,Z,_

*H•mtIIH•,**•

I 1_ t_n_l hx2 + hy21 _2 INTO
OUTPUT •OI_°°X: RESTORE XR_S_

hz TABLE •• ot • _ lt2o •

iioelee•eoJe•e_ *•_w••tJ•_i*•_w

:.............: :•_;i_-_-_;_': ...............
• 2.sc0,Pc . : OUTPUT : : :
*L(INPUTI INTO• EXIT

• XRI 2'S • • TABLE • • TO 2._

:...._;...: :.............. •..............

CIOUTPUI)INTO XR2

CPVMG

••••.•••.••••.m•.

VMAG COMP

• * STO_E Iv T IN Z.
OUTPUT TABLE

• A3GPI2 COMPI
STORE IN m•

OUTPUT

TABLE _p,_pp, H

v = KI(vl)_NTCOU_POT:
• TABLE •

CPRNG

• VMAC COMPUTE •

ANO SAVE Irl ••
IN TEMP

• STORAGE TO T O •

• " " -,ES x:'_T'G_'_;._':
• IS THERE &_ • • .............. • @pp: 0

ERROR .• .... i
• • _0

_X ...............................

RESTORE XR_ :

:

• r IN FEET = •

." ZO ( Ir l) _TO

:......_;......:

g

• • * • • •NO

• THE SIGN D_# m_( Dim

• L,_ IS + * • •

• "_ES

• SQRT CONP, *
SAVE r IN •

• TEMP STOR. •

". ..... L_ILI;.."
i COMPUTE AND •

STORE IN *

OUTPUT TABLE•

s AND d. •

CPROV

V =(K181 r + K281)/ vr_:...i CO:

v'/VrINTO * •H

OUTPUT TABLE

CPREX

..--.
• •...X 0_•

: (Ct R 3 - rJ : ••*
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DERIVATION OF INERTIAL TO LAUNCH PAD COORDINATE CONVER-

SION

THIS SECTION DERIVES THE COORDINATE CONVERSION

FORMULA -

IN COMPUTING THE DOWNRANGE DISTANCE (d) AND THE

CROSSRANGE DISTANCE {s), IT IS NECESSARY TO CONVERT FROM

THE GEMINI INERTIAL COORDINATE SYSTEM TO A SYSTEM WHICH

HAS THE LAUNCH PAD AS ITS ORIGIN. THE PROCESS CONSISTS OF

FOUR TRANSFORMATIONS WITH A NEW COORDINATE SYSTEM

RESULTING FROM EACH TRANSFORMATIUN. THEREFORE, THE IN-

ERTIAL SYSTEM IS DESIGNATED AS THE X, Y, Z SYSTEM, THE

SYSTEM RESULTING FROM THE FIRST TRANSFDRMATION IS DE-

SIGNATED AS THE X',Y',Z' SYSTEM, ETC. EACH SUBSECTION

FOLLOWING COVERS ONE OF THE TRANSFORMATIONS AND THE

RESULTING COORDINATE SYSTEM.

ROTAION OF A RECTANGULAR COORDINATE SYSTEM IN A PLANE,

TRANSFORMATION 1

THE EQUATIONS FOR ROTATING A RECTANGULAR COORDINATE

SYSTEM IN A PLANE (X, Y) TO A NEW SYSTEM { X',Y' ) IN

THE SAME PLANE ARE GIVEN BELOW.

THE SYSTEM IS ROTATED IN A COUNTERCLDCKWISE

DIRECTION THROUGH AN ANGLE e .

X=X' cos e-Y'sin e

Y =X' sin e+Y'oos e

(NOTE - SEE ANALYTICAL GEOMETRY. SMITH, GALE, AND NEELLEY

GINN ÷ CO., BOSTON, P. I17.)
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BY USING CRAMER'S RULE FOR DETERMINANTS, ONE MAY

EXPRESS THE NEW COORDINATE SYSTEM ( X', Y' ) IN TERMS OF

THE OLD SYSTEM (X_Y) AS FOLLOWS -

X -sin O IY +cos e
Xcos O + YsinO

X ! _ ._

Icos O -sinB I 2sinO cose cos e + sin 2 o

= xcos e + YsinO

cos e X
sin 0 Y

yr =

cos O -sin OO/sin e cos

YcosO-XsinO

cos 2 0 + sin 2 0

=-XsinO+ Ycos 0

THEREFORE, THE BASIC EQUATIONS FOR ROTATING A COOR-

DINATE SYSTEM THROUGH THE ANGLE G { e IS MEASURED I_ A

COUNTERCLOCKWISE DIRECTION) ARE -

X' = Xcos O+ YsinO
(2)

Y' = -XsmO+ Ycos e

THE ORIGINAL SYSTEM (X,YtZ) IS THE GEMINI INERTIAL

COORDINATE SYSTEM SHOWN ON THE NEXT PAGE.
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Z

NORTH POLE

/

PERPENDICULAR TO

X, Z WITH POSITIVE
DIRECTION CHOSEN

TO FORM A RIGHT-

HANDED SET
_Y

CENTER OF THE
EARTH

X VERNAL EQUINOX

THE (XtY) PLANE IS THE EQUATORIAL PLANE SINCE THE

ORIGIN OF THE SYSTEM IS THE CENTER OF THE EARTH.
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EQ

DIRECTION OF ROTATION
OF THE EARTH

Y

X

THE PRECEDING FIGURE SHOWS THE (X,Y) PLANE AT ANY

GIVEN TIME ON THE DAY OF A LAUNCH AS VIEWED FROM A POINT

HIGH ON THE POSITIVE Z AXIS.

ANGLE 1 = ( L0) REPRESENTS THE INERTIAL LONGITUDE OF

GREENWICH AT MIDNIGHT PRECEDING THE LAUNCH

ANGLE 2 = ( wt ), WHERE w IS ANGULAR VELOCITY DUE TO

THE EARTH'S ROTATION AND t IS THE ELAPSED

TIME SINCE GREENWICH MIDNIGHT PRECEDING

LAUNCH, REPRESENTS THE ANGLE THROUGH WHICH

THE EARTH HAS ROTATED FROM MIDNIGHT UNTIL
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THE PRESENT TIME.

ANGLE 3 = (_p) REPRESENTS THE TERRESTRIAL LONGITU

OF THE LAUNCH PAD.

ANGLE 4 = ( _ } IS THE SUM OF ANGLES I, 2, AND 3.

TO TRANSFORM THE INERTIAL COORDINATES TO THOSE OF

THE LAUNCH PAD, FIRST ROTATE THE SYSTEM ABOUT THE Z AX

THROUGH THE ANGLE _ .

Z=Z v

X

/
/

//

X v

/
/

/
/

y!
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THEREFORE, THE NEW SYSTEM (X',Y',Z') HAS Z' PASSING

THROUGH THE NORTH POLE, X' INTERSECTING THE MERIDIAN OF

THE LAUNCH PAD_ AND Y' PERPENDICULAR TO THE OTHER TWO

AXES WITH POSITIVE DIRECTION SUCH THAT A RIGHT-HANDED S

OF AXES IS MAINTAINED. THE TRANSFORMATION OF THE COOr-

DINATES IS GIVEN BY -

X' = Xcos_ + Ysin

Y' = -Xsin_ +Ycos

OR EXPRESSED IN MATRIX NOTATION -

(x,  ososin°il(ilY,)=tsio_oos_
zv \o o
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TRANSLATION OF ORIGINt TRANSFORMATION 2

ONCE THE ORIGINAL SYSTEM HAS BEEN ROTATED THROUGH _,

THE LAUNCH PAD WILL LIE IN THE ( X' Z' ) PLANE. IT IS THEN

NECESSARY TO TRANSLATE THE ORIGIN OF THE SYSTEM FROM THE

CENTER OF THE EARTH rO THE LAUNCH PAD. THE DIAGRAMS BELOW

SHOW THE TRANSLATION AND THE RELATIONSHIP OF THE OLD SYS-

TEM (EARTH CENTERED X', ¥'t Z') TO THE NEW SYSTEM (LAUNCH

PAD CENTERED X" _ Y" t Z" )o
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North Pole Z"
Z=Z'

Latitude of

Launch

Launch
Pad

Center of
Earth

XVV
Y

X !

of
Launch Pad

X
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North Pole

Z' Z"

Center of
Earth v

Launch Pad .._

r' o sin Lp

Equator

r' o Cos Lp

X tv

X'

L - GEOCENTRIC LATITUDE OF THE LAUNCH PAD
P

r' = DISTANCE FROM THE CENTER OF THE EARTH TO
O

THE LAUNCH PAD

SINCE THIS TRANSFORMATION INVOLVES TRANSLATING THE

ORIGIN OF THE SYSTEMt THE PLANE DETERMINED BY THE X",Y"

AXIS IS PARALLEL TO THE EQUATORIAL PLANE AND ALL OF THE

AXES IN THE X",Y",Z" SYSTEM ARE PARALLEL TO THE X',Y',Z t

AXES, THE NEW COORDINATES ARE GIVEN 8Y -

X" = X'- r' cos L
o p

Z" = Z' - r' sin L
o p

yll = yl

THE NEGATIVE SIGNS OCCUR IN THE ABOVE EQUATIONS SINCE THE

ANGLE I,D IS POSITIVE,

THE ABOVE EQUATIONS MAY BE WRITTEN IN MATRIX NOTATIUN AS

FOLLOWS -
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(i"J = - 0

"/ \r 0 sin L
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ROTATION OF A RECTANGULAR COORDINATE SYSTEM IN A PLANE,

TRANSFORMATION 3

THE THIRD TRANSFORMATION ROTATES THE X", Z" AXIS

ABOUT THE AXIS SO THAT THE NEW Z'" AXIS COINCIDES WITH

THE LOCAL ZENITH AT THE LAUNCH PAD. THE DIAGRAM BELOW

ILLUSTRATES THE ROTATION FROM THE OLD (X",Y", Z"| SYSTEM TO

THE NEW SYSTE_ (X'",Y'",Z'").

WHERE -

L' = GEODETIC LATITUDE OF THE LAUNCH PAD
P

IN THE FOLLOWING DIAGRAM, THE AXES Y',Y",ANDY"' ARE

ALL PERPENDICULAR TO THE PLANE OF THE PAGE, DIRECTED

DOWNWOARD INTO THE PAGE, AND THEREFORE, APPEAR AS POINTS.

SINCE THE (X'",Y'") PLANE COINCIDES WITH THE HORIZON

PLANE, A PERSON STANDING AT THE L_UNCH PAD WOULD OBSERVE

THEX'" AXIS TO BE DIRECTED DUE SOUTH, THE Y'"AXIS TO BE

DIRECTED DUE EAST, AND THE Z'" AXIS TO BE DIRECTED

STRAIGHT UP THROUGH THE LOCAL ZENITH AT THE PAD.
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North Pole

Z'

Z 11

Z11V

51

P
X vv

Launch

Pad (GE
Radar)

X111

n !

P Equatorial Plane

THE DIAGRAM SHOWS THE ANGLE THROUGH WHICH Z" IS

ROTATED TO BE _/2-L' WHICH IS THE GEODETIC COLATITUDE OF
P

THE LAUNCH PAD. HOWEVER, TO ROTATE IN A CLOCKWISE DIREC-

TION, THE ANGLE MUST BE SET TO -(_/2-L'p) SINCE THE FORMULAS

HAVE BEEN CONSTRUCTED FOR A COUNTERCLOCKWISE DIRECTION.
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LAS

SUBSTITUTING IN EQUATIONS (2), THE FOLLOWING

ARE OBTAINED -

X'" = X" cos[- (?T/2- L'p_ + Z" sin[-(_/2- L'p_

Z"' =-X" sin -[(_/2-L'p_ + Z"cos[-(_/2-L'p_

FORMU-

THESE EQUATIONS CAN BE SIMPLIFIED BY SUBSTITUTING IN THE

TRIGNOMETRIC IDENTITIES COS(-B=COSe', SIN(-e)= -SIN G

TO OBTAIN -

X"' = X" cos (y/2 - L'p)

Z"' = X" sin (_/2 - L'p)
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THEN BY SUBSTITUTING ACCORDING TO THE IDENTITIES COS

(_'/2 -O ) = SIN (9 AND SIN |_f2 -(9) = COS(9 WHERE

0_<(9<_ _
2

X'" : X" sinL' - Z" cos L'
P P

Z'" = X" cos L' + Z" sinE'
P P

and Y'" = Y" since the system was rotated about Y"

THESE EQUATIONS MAY BE WRITTEN IN MATRIX NOTATION AS

FOLLOWS -

X"_ /sin L'p

Y'"):_ 0

z,,7 V,_,,

o
o)U";

o _,_,/\z,,/
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ROTATION OF A RECTANGULAR COORDINATE SYSTEM IN A PLANEt

TRANSFORMATION 4

THE FOURTH AND FINAL TRANSFORMATION ROTATES THE(X'",¥'")

PLANE ABOUT THE Z"'AXIS IN SUCH A MANNER THAT THE NEW

AXIS COINCIDES WITH THE BURNOUT AZIMUTH ANGLE _o" THE

DIAGRAM BELOW ILLUSTRATES THE CONCEPT OF AZIMUTH AND THE

FINAL COORDINATE SYSTEM - THE LAUNCH PAD COORDINATE

SYSTEM.
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Spacecraft Xllll

Z III = ZLI11
N

ylllt

Horizon Plane

Launch

ylll

Xlll

THE BURNOUT AZIMUTH ANGLE flo IS DEFINED AS THE

NOMINAL AZIMUTH ANGLE AT THE TIME OF SUSTAINER ENGINE

CUTOFF. THE ANGLE flo IS MEASURED IN THE (Xv'',Y''' ) PLANE

IN A CLOCKWISE DIRECTION FROM NORTH. THEREFORE, THE ANGLE

THROUGH WHICH X'" MUST BE ROTATED IS _ -riO"

SUBSTITUTING THIS ANGLE INTO THE BASIC EQUATIONS (2)

FOR ROTATING A COORDINATE SYSTEM PRODUCES -
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X'"' = X'" cos (Tr- Bo) + Y'" sin (_r - _o)

Y'"' = -x"' sin(IT -8o) + Y'" cos (_t -_o).

THEN USING THE IDENTITIES COS(_- e)= - COS e AND SIN (_-e)

= SIN e-

X'"' = -X'" cos _o + Y'" sin _o

Y'"' = -X'" sin_o - Y'" cos_o.

REWRITING IN MATRIX NOTATION PRODUCES -

Y" = sinBo -cos _o

"'y \ 0 0

SIMPLIFICATION OF NOTATION

Let. R 2 =I! 1

R3 =(i 1

= 0

Rc \ro sin L

-COS Bo sin_o i)A T = t-sin _1o -cos _o
\ 0 0

i
\z'7
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ooB T = 1

_osL' 0sinL'p/P

THEN, THE ENTIRE TRANSFORMATION FROM THE GEMINI INERTIAL

SYSTEM TO THE LAUNCH PAD COORDINATE SYSTEM MAY BE EX-

PRESSED BY A SINGLE MATRIX EQUATION -

R 2 = ATBT(cTR3 - RC).

DERIVATION OF INCLINATION ANGLE FORMULA

THE INCLINATION ANGLE,i, IS THE ANGLE FORMED BY THE

INTERSECTION OF THE ORBIT PLANE(_,_PLA_E) AND THE EQUA-

TORIAL PLANE (X,Y PLANE). THE POINT OF INTERSECTION OF

THE TWO PLANES IS CALLED THE NODE, N. IF THE CAPSULE

CROSSES THE EQUATOR TRAVELLING FROM SOUTH TO NORTH, THEN

N IS CALLED THE ASCENDING NODE. IF THE CAPSULE CROSSES

THE EQUATOR TRAVELLING FROM NORTH TO SOUTH, N IS CALLED

THE DESCENDING NODE.
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THE VECTORS h, PERPENDICULAR TO THE ORBIT PLANE, AND

THE Z-AXIS, PERPENDICULAR TO THE EQUATORIAL PLANE, IN-

CLUDE AN ANGLE EQUAL TO tHE INCLINATION ANGLE.

Z

Orbit Plane

V

_Y

uatorial Plane

X

N - Ascending Node
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A)

rANDv, h=rxv

THUS - _ _
h= rxv =

IS DEFINED TO BE THE CROSS PRODUCT OF

WHERE i,j,k ARE THE BASE VECTORS, X, Yt Z ARE THE

COMPONENTS OF THE POSITION VECTOR AND X,Y, ZARE

THE COMPONENTS OF THE VELOCITY VECTOR.

EVALUATING THE ABOVE, WE OBTAIN_ IN MATRIX

NOTATION

i z-1XZ = h.y

YX/ h z

WHERE hx, hy, hzhRE THE COEFFICIENTS OF THE

COMPONENTS OF hINTHE_,_, AND k DIRECTIONS,

RESPECTIVELY.

B) i

THE ANGLE BETWEEN TWO VECTORS IS_DEFINED AS FOLLOWS-

cos _= (_.E)/(/_//E/)

Since h hy ,

h z

, h.k = h z
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APPLYING THE DISTANCE FORMULA ON Ihl

(1_1,I_b--(_ 2+by2+hz2)1/2
Thus, cos i = hz / (hx2 + h Y2 + hz,2.) 1//2

AND WITH I_.I

APPLYING THIS RESULT TO THE RIGHT TRIANGLE

BELOW, WE FIND THAT tan i ALLOWS FOR USE OF ALL

COMPONENTS IN A MORE SIMPLIFIED WAY THEN DID COS

i -

(hx2 + by2+ hz2 ) 1/_

h
Z

(hx 2 + hy 2)
i/2

2 2)1/2 /h ztani= (h x +hy

i = tan -1 [(hx 2 + hy 2)1/2/hz]
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DERIVATION OF FLIGHT PATH ANGLE FORMULA

THE FLIGHT PATH ANGLE, y , IS DEFINED TO BE THAT

ANGLE FORMED BY THE VELOCITY VECTOR, _ AND ITS PROJECTION

ONTO A PLANE PERPENDICULAR TO THE PUSITION VECTOR,_, AND

PASSING THROUGH THE CAPSULE.

THE LATTER PLANE DIVIDES THE REFERENCE SPACE INTO

TWO PARTS WITH THE CENTER OF THE EARTH (I.E., THE ORIGIN

OF THE INERTIAL COORDINATE SYSTEM) ON ONE SIDE OF THE

PLANE. IF THE DIRECTION OF _ IS TOWARD THE SIDE ON WHICH

THE ORIGIN LIES, THE SIGN OF y IS NEGATIVE - OTHERWISE,

IT IS POSITIVE.

Z

X

Orbit Plane

Center
of Earth

r
_sule

-_ yv
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THE ANGLE BETWEEN TWO VECTORS IS DEFINED BY -

cos 0 = _,v)/(/r//v/) where 0 < 0 _< 7r radians

Since (7 + O) = 7r/2, T= ((7r/2)- O) and

sin T= sin (Or/2)-O) =cos 0

thus, sin y = ('_.7¢)/(/_//7¢/) and, finally,

7, = sin -1 ((_._)/(/_'//,_/))
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4C. CDELTV - LAUNCH PROGRAM TO INCREMENT THE VELOCITY

VECTOR BY FIRING RETROROCKETS AS POSIGRADES

GIVEN AN INPUT t3, r3, v 3 C#ELTV WILL COMPUTE AN IN-

CREMENTED VELOCITY VECTOR BY CO_PbTING THE INCREMENT TO

THE INPUT VELOCITY VECTOR MAGNITUDE DUE TO FIRING THE

RETROROCKETS AS POSIGRADES AND APPROPRIATELY ADJUSTING

EACH COMPONENT OF THE GIVEN VELOCITY VECTOR. IT IS USED

BEFORE THE OCCURRENCE OF ABORT MODE CHANGEOVER (AMC).

(SEE FLOWCHART)

INPUT

A) TABLE -

L (t 3, _3' 73 )

B} CONSTANT -

KO_I.O

A SEVEN-LOCATION TABLE CON-

TAINING TIME IN FLi]ATING

POINT SECONDS, GMT_ THE PO-

SITION VECTOR COMPONENTS IN

FLOATING POINT GFMINI LENGTH

UNITS, AND THE COMPONENTS UF

THE VELOCITY VECTOR TO BE

INCREMENTED IN FLOATING

POINT GEMINI VELOCITY UNITS.

DEC +I.'. FLOATING POINT

ONE

OUTPUT

A) TABLE -

L (OUTPUT tu, ru' Vu)
A SEVEN-LOCATION TABLE CON-

TAINING THE TIME IN FLUAT-

ING POINT SECONDS, GMT, THE
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POSITICN VECTOR COMPONENTS

IN FLOATING POINT GEMINI

LENGTH UNITS, AND TI4E

COMPONENTS OF THE INCRE-

MENTED VELUCITY VECTOR IN

FLOATIwG POI:_IT GEMINI

VELOCITY UNITS.

METHOD

UPON ENTRY, CDELTV SAVES TI4E CONTENTS OF INDEX

REGISTERS 1,2,3 AND 4, PICKS UP I'HE LOCATIONS OF THE

INPUT AND OUTPUT TABLES AND SETS UP THE CALLING SEQUENCES

FUR A3GSCP (SEE A3GSCP AND U3VMAG).

IT THEN ENTERS PROGRAM A3GSCP TO FIND H, THE HEIGHT

OF THE INPUT VECTORS ABOVE AN OBLATE EARTH. IF THERE IS

AN ERROR RETURN FROM THIS PROGRAM, IT IS ASSUMEO THAT NU

VELOCITY INCREMENT CAN BE COMPUTED, THE INPUT tB, r3, v 3

ARE STORED IN THE OUTPUT TABLE, THE INDEX REGISTERS ARE

RESTORED, AND AN EXIT IS MADE FROM THE PROGRAM.

IF THERE IS A NORMAL RETURN FROM A3GSCP, TESTS_ ARE

MADE ON H TO DETERMINE WHICH OF FOUR, THIRD-ORDER CURVE

FITS WILL BE USED TO COMPUTE THE INCREMENT T0 THE INPUT

VELOCITY VECTOR.

A) IF H _> 505,000 FT., Z_v = 339 FT./SEC.

B) IF 355,000 FT _< H <505,_u_ FT., CURVE 4 IS USED

C) IF 245,030 FT <_. H< 355,DO0 FT., CURVE 3 IS USED

D) IF IOC,O00 FT < H< 245,2L3 FT., CURVE 2 IS USED

E) IF 80,300 FT < H< IOO,O]C FT., CURVE I IS USED

'F) IF H < 80,JO0 FT., AV =

IF Av IS TO BE DETERMINED BY A CURVE FIT, I.E., IF

AV IS NOT COMPUTED TO BE EITHER C OR 339 FT./SEC. BY THE

ABOVE TESTS ON H, THE VELOCITY VFCIOR INCREMENT AV IS
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DETERMINED AS FULLOWS -

_v = a.H3+ b.H2+ c.H + d.
1 1 1 1

WHERE

ai, b i, c. AND d. ARE THE COEFFICIENTS FOR THE CURVE1 1

SELECTED_ i : 1,2,3 OR 4. IF i = I, COEFFICIENTS FOR

CURVE I ARE USED, IF i : 2, COEFFICEENTS FOR CURVE 2 ARE

USEDt ETC.

USING A LINEAR APPROXIMATION_ THE COMPUTED AvIS

ADDED TO THE COMPONENTS OF THE INPUT VELOCITY VECTOR.

Av

v-=(l+ Iv31 )v 3

WHERE

Jv3J IS THE MAGNITUDE OF THE I_PUT VELOCITY VECTOR

{x3, Y3, Z3 } COMPUTED USING U3VMAG, AND ___1 REPRESENTS THE

INCREMENTED VELOCITY VECTOR {Xu,Yu, Z u ). THE INPUT TIME

AND POSITION VECTOR COMPONENTS ARE STORED IN THE OUTPUT

TABLE AS tu,_" AND THE FINAL INC_,EMENTED VELOCITYtU U

IS STORED IN THE OUTPUT TABLE. INDEX REGISTERS ARE

RESTORED AND CONTROL IS TRANSFERRED TO THE CALLING

PROGRAM.

THE COEFFICIENTS FOR THE F[]UR CURVES WERE DERIVED

USING LEAST-SQUARES POLYNOMIAL CURVE FITS.

{LEAST SQUARES POLYNOMIAL FIT, CLLSQI_ R HARRISONt

SNARE DISTRIBUTION #1817.}

IN EACH CASEt A THIRD-ORDER CURVE WAS PASSE[) THROUGH

A PORTION OF THE GIVEN DATA. THE DISTRIBUTION OF POINTS

WAS CHOSEN SO AS TO ALLOW THE BESt DATA FIT POSSIBLE

USING THIRD-ORDER CURVES. FIGURE t IS A PLOT OF THE

GIVEi,_ DATA_ H VS Av,
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FIGURE 2 SHOWS THE FOUR CURVES REPRESENTED BY TI4E FOUR

SETS OF COEFFICIENTS AND THE STANDARD DEVIATION,c, OF

EACH CURVE FROM THE GIVEN DATA. FOLLOWING IS A LIST OF

THE OATA OISTRIBUTION USEO TO GENERATE EACH OF THE FOUR

CURVES -

CURVE I 80,000 FT < H < IIC:,CDO FT

CURVE 2 98,000 FT < H < 248,_00 FT

CURVE 3 240,000 FT < H < 36'_,0'1_'._FT

CURVE 4 35C,C00 FT < I! < 5QS,0D_) FT

THE COEFFICIENTS DERIVED ARE AS FOLLOWS -

al = .46_64813E7

b I - .66794214E5

el= .32347721E3

d I - .5C509483

a2 = .8C47glITE4

b2 = -.34884610E3

e2 = .4_552C7MEI

d2 = .61213470E-2

.92621658F_

.29558697E3

.19377614EI

.2':_251129E-I

a3=

b3= -

c 3 =

d3=

a 4= -.47658149E-I

b 4= .38501325E2

C4= -.I_))15800EI

d 4 = .2150738CE-I

USAGE

A)

B)

C)

CALLING SEQUENCE -

TSX CDELTV,4

PZE L(INPUTt3, r3, v3),,

L (OUTPUT t uru, Vu)

RETURN

STORAGE REQUIRED - 92 LUCATIONS

TI_ING - 2,586 MILLISECONUS
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:****i°*******:

•. : .............. :

• CDMEX

•**•*°**.****..

• * • -N_ : _v = 339 FT/SE_ .•*••

H LT 505,00O • .............. X* •...X Ul*

• * FT • II_G.V.U. •* .I***

_ES

: E.rE. :
• FROM #t4 *

ei_eememmemeeee

°

H LT 355t]01 • ........................................................
FT *

" * _ES

• " ..o : ............. :

• . L, _,o_: • ............... ×: _-_ X.,o_ : ........................ R.
• • ••**•*H•,mmH•

• YES

• *"_2 : ............. :
LT _,i'_,O_.' • ............... X: i-2 l,wru t *......................... x.

YES

• INIT. SAVE *
• XR S 1,2 3 4.•
• LIlNPUTI _0 •

• CALL SEQ TO •

.

°

°

• .y_ : .............:
. L, _i,_ ............... ×: _-3 ,.T. _ : ........................ x.

• • :*••HH*•H•**

NO

:*;_C_Z;:'_:_•:

i c I....L(INPUT) TO

XRI. 2'S

CCMPL.

CDFNR

....i.............i
°B6*..Xe _ = I •

:_v=a. H 3
. l

i L(OUTP T} TU*

XR2 L(_) TO•

CALL SE_ FOR*

U3VMAG •

.••****°•******°.

*: A3GSCP
COMPUTE H •

• * COENR

• * • *YES ***

• IS r_ERE AN * *_ B6:

ERROR
. *•°

.......:':::
*°.

.--. ....
:B 7:.. x:x 3, Y3' z3 INTO 1, 2 THRU 3.2

** :x3Q-N _ 4.2
Y3 Q = Yu INTO 5, 2

_3 Q-_u inTO 6, z

COEXR x

• _EST{ICE XR'S_

• 1,2,3,4 *

: EX,T :
• TU 2,_ *

**** * U_VMAG

:DT:X. _OMPUTE Iv31

• * CUENR

• *YES *•*

• IS THERE AN •X 86:
ERROR • *

• • *H

• *

NO

• iv31 : .,.*
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4t. CBIPRE - IMPACT PREDICTOR FOR AVERAGE VECTOR

COMPUTATION

THIS PROGRAM COMPUTES LATITUDE AND LONGITUDE OF BOTH

MINIMUM AND MAXIMUM DELAY IMPACT DURING AVERAGE VECTOR

COMPUTATIONS. IT ALSO COMPUI"ES THE MINIMUM AND MAXIMUM

DELAY RETROFIRE TIMES. IT IS A SUBROUTINE OF THE AVERAGE

VECTOR PROGRAM CFCFAV. (SEE FLOWCHART)

INPUT

A)

B)

C)

CALLING SEQUENCE REQUIREMENTS -

L(INPUT) - THE ADDRESS OF A SEVEN-LOCATION TABLE

CONTAINING t IN FLOATING POINT SECONDS AND THE

COMPONENTS OF _ AND V IN FLOATING POINT GEMINI

UNITS

L(_tr_mi n ) - THE ADDRESS OF A CELL CONIAIN|NG

THE MINIMUM DELAY TIME TO RETROFIRE IN FLOATING

POINT SECONDS

L(BANK ANGLE) - THE ADDRESS OF A CELL CONTAINING

THE BANK ANGLE TO BE USED IN REENTRY IN FLOATING

POINT RADIANS, AND WHOSE RANGE IS SUCH THAT+ O<

BANK ANGLE< 2_. A NEGATIVE ANGLE REPRESENTS A

CONSTANT ROLL RATE AND HENCE, NO LIFT.

SUBROUTINES -

CORKNI, C6RETC, C6PTLU, C6PTLI, CTSFT3

CONSTANTS -

KMO000

KOO000

KO0001

KO0002

KO0003

MINUS ZERO

ZERO

FIXED POINT ONE

FIXED POINT TWO

FIXED POINT THREE
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D)

KO0006

KO0030

KO0050

KOOb. O

K045.0

KOO,PI

TABLES -

TCMXCH

TCWF.B

TCWF.R

TCAHC2

TCRFTQ

FIXED POINT SIX

FIXED POINT THIRTY

FIXED POINT FIFTY

FLOATING POINT SIX

FLOATING POINT FORTY-FIVE

FLOATING POINT VALUE OF PI (_)

CONTAINS THE CRITERION HEIGHT FOR

MAXIMUM DELAY IMPACT IN FLOATING

POINT GEMINI UNITS

CONTAINS THE ORBIT WEIGHT OF THE

SPACECRAFT IN FLOATING POINT POUNDS

CONTAINS THE REENTRY WEIGHT OF THE

SPACECRAFT IN FLOATING POINT POUNDS

CONTAINS THE NOMINAL IMPACT HEIGHT

FOR AVERAGE VECTORS AND ABORT COM-

PUTATIONS IN FLOATING POINT GEMINI

UNITS

CONTAINS TORQUE SETTING FOR C6RETC

=0 INTERTIAL PLATFORM OF SPACECRAFT

NOT TORQUED DURING RETROFIRE

_0 INERTIAL PLATFORM OF SPACECRAFT

IS TORQUED DURING RFTROFIRE

OUTPUT

A) A SIX-LOCATION TABLE CONrAINING THE LATITUDE AND

LONGITUDE OF IMPACT ASSOCIATED WITH FIRING THE

RETROS WITH MINIMUM DELAY, THE LATIIUDE AND

LONGITUDE OF IMPACT ASSOCIATED WITH FIRING THE

RETROS WITH MAXIMUM DELAY, THE MINIMUM DELAY
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B)

FIRING TIME, AND THE MAXIMUM DELAY FIRING TIME,

RESPECTIVELY, IS OUTPUT FROM THE PROGRAM.

LATITUDE AND LONGITUDE ARE IN FLOATING POINT

RADIANS, AND TIME IS IN FLOATING POINT SECONDS.

TABLES -

TCMNRV CONTAINS THE t, _, _ AT THE BEGIN-

NING OF MINIMUM DELAY RETROFIRE IN

FLOATING POINT SECONDS AND FLOATING

POINT GEMINI UNITS

TCBMN5 CONTAINS THE t, r, v AT THE END OF

MINIMUM DELAY RETROFIRE IN FLOATING

POINT SECONDS AND FLOATING POINT

GEMINI UNITS

TCBMX5 CONTAINS THE t , _, _ AT THE END OF

MAXIMUM DELAY RETROFIRE IN FLOATING

POINT SECONDS AND FLOATING POINT

GEMINI UNITS

TRKOIH CONTAINS THE STEP SIZE FOR USE IN

TYPE 3 INTEGRATION IN FLOATING

POINT SECONDS

TCRKOT CONTAINS ORBIT TABLE OF • AND

VECTORS GENERATED BY TYPE 3 INTE-

GRATION IN FLOATING POINT GEMINI

UNITS

METHOD

AFTER INITIALIZATION THE INPUT VECTOR IS INTEGRATED

USING CORKNI, TYPE 2, WITH SIX STEPS EQUAL TO

(Atr_min/6) SECUNDS. THIS RESULTS IN l VECTOR t4 min,_4 min

_min AT MINIMUM DELAY RETROFIRE TIME. CBRETC USES

THIS VECTOR TO COMPUTE THE BURNOUT VECTOR t5 min,_5 min,_5 min

WHICH IS INTEGRATED TO IMPACT BY CORKNI, TYPE I. THE BANK
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ANGLE FOR THIS REENTRY INTEGRATION IS SPECIFIED IN THE

CALLING SEQUENCE TO CBIPRE.

WITH t4, r4, v4 AS INPUT, CORKNI, TYPE 3, GENERATES AN

ORBIT TABLE OF _ AND _ VECTORS AND A TABLE OF HEIGHTS {HI

CORRESPONDING TO THE VECTOR TABLE. THE INTERPOLATION

PROGRAMS C6PTLU AND C6PTLI USE THE HEIGHT TABLE AND THE

v TABLE TO COMPUTE THE VECTOR ASSOCIATED WITH FIRING THE

RETROS WITH MAXIMUM DELAY. THIS VECTOR IS t4 m_c,?4 max, V4 max"

AGAIN CbRETC USES THIS VECTOR TO COMPUTE THE BURNOUT

VECTOR t5 max,_5 max,V'-Sma_U-llCH IS IN TURN INTEGRATED TO

IMPACT BY CORKNI, TYPE I. THE BANK ANGLE TO BE USED IN

REENTRY INTEGRATION IS SPECIFIED IN THE CALLING SEQUENCE

TO CBIPRE.

THERE ARE SEVERAL EXCEPTIONS TO THIS GENERAL FLOW

OF LOGIC -

A) IF THE TRAJECTORY NEVER REACHES THE CRITERION

HEIGHT CONTAINED IN LOCATION TCMXCH, CORKNI,

TYPE 3, GIVES AN INDICATION OF THIS UPON EXIT

FROM TYPE 3. THUS, A MAXIMUM IMPACT IS NOT

POSSIBLE AND THE OUTPUT CELLS FOR MAXIMUM DELAY

IMPACT ARE CORRESPONDINGLY SET EQUAL TO THOSE

OF MINIMUM DELAY IMPACT.

B) IF THE TRAJECTORY IS SUCH THAT CORKNI, TYPE 3,

CANNOT GENERATE THREE VECTORS FROM THE

DESCENDING PORTION OF THE [RAJFCTORY BELOW THE

CRITERION HEIGHT CONTAINED IN LOCATION TCMXCH,

MAXIMUM IMPACT IS UNDEFINED, AND THE OUTPUT

CELLS FOR MAXIMUM DELAY IMPACT ARE APPROPRIATELY

SET OFF-SCALE TO THE RIGHT.

C) IF t4 <t 4 , A MAXIMUM DELAY IMPACT IS IM-max- min

POSSIBLE AND THE OUTPUT PROCEDURES ARE THE SAME

AS IN A).
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USAGE

A) CALLING SEQUENCE -

TSX CBIPRE,4

PZE L ( INPUT ] ,, L ( OUTPUT )

P Z E * * , , ,,{Atr_min _

PZE L(BANK ANGLE ), ,**

ERROR RETURN

NORMAL RETURN

B) STORAGE REQUIRED - 113 LOCATIONS EXCLUDING THAT

REQUIRED BY EXTERNAL CONS/ANTS, TABLES, AND SUB-

ROUTINES

C) TIME REQUIRED (7094) - CBIPRE COULD POSSIBLY

TAKE A MAXIMUM OF 1400 MILLISECONDS IF CORKNI

WOULD TAKE THE M&XIMUM NUMBER OF INTEGRATION

STEPS SPECIFIED IN EVERY CASE. HOWEVER, A COM-

PUTED MAXIMUM MACHINE TIME IS 600 MILLISECONDS

FOR _ VECTOR USING A 6O ° BANK ANGLE DURING

REENTRY AND WHERE MAXIMUM DELAY IMPACT IS SET

OFF-SCALE TO THE RIGHT. FOR A VECTOR WHERE BOTH

MINIMUM AND MAXIMUM DELAY IMPACTS ARE DEFINED

AND WHERE A 60 ° BANK ANGLE IS USED DURING RE-

ENTRY, A COMPUTED MAXIMUM MACHINE TIME IS 625

MILLISECONDS.

D) ERROR CONDITIONS - AN ERROR RETURN IS A RESULT

OF AN ERROR RETURN FROM ONE OF THE SUBROUTINES.
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: ENTER

•*•**••°,mtHm*

.•tt•io•.oi•iQm

• •• a_miniNT 0 O, 2 •

:c_:.._:_.INTOi, 2 :
• • * t 4 INTO 4, 2

CB|PRE

• _;_E_ _:s-
• COHPL •

• LIUUTPUT} •

: I_T_xR2 :L(ZNPUT)

• INTO CORKNI *

-ITYPE 2I CALL*

• SEO FOR INPUT*

c{3'4)21 35 INTO BANK ANGLE

C01RKNI {TYPE 1)

2's COMP L(&trmin ) INTO Xr6

Atr6mi n INTO STEP SIZE

6 /NTO NO. OF STEPS FORWARD

CORKNI (TYPE 2)

- _INTO BANK ANGLE

CORKNI (TYPE 2)

L(t4,_4.V4)_ INTO CORKNI(TYPE 3)

CALL SEQ FOR INPUT

•°•**•***••*.*•

-_ INTO BANK ANGLE

2 INTO NO. OF STEPS BACKWARD

18 INTO NO, OF STEPS FORWARD

e • CORKNI(TYPE 2) *

• • COMP't4'E4 'Y4

•"....H;;;; ....•
• COMPUTE TIME •

STEP FOg •
• C)RK_I *

• (STEP3) •

CBIER

• * eYES ••••

• IS THERE AN • *_ 85•*

ERROR • •328•

* • 5BIER

• *YES ••*•

t IS THERE AR • •_ BSI*

• ERROR • •328-
• mHm

_D

• CBRETC COMP •

** tg, Ps._ 5 .•*

• C_RKNI (TYPE m

• 3) EOMP r,v, •
• H TaBlES •

• CBIER

• * * eYES •***

• IS THERE AN • •_ BS •'

• ERROR • *328.

tL{t5,_5,_ 5 INTO •

:mCOEKNI (TYPE I) •

CALL SEQ FOR INPUT

50 INTO NO. OF STEPS
FORWARD

• EBIER

• • • • •YES *••*

IS THER_ AR • *i BSI•

ERROR * •328*
• • ••.•

• NU

i

• •NO **••••

• IS AE + *X A7 •
.32a•

• CONKNI {TYPE 1) •

* COMP. ,

"* tmln'C_min'_ rain •*

CBIPA

** C6PTLU •
* COMPUTE t &[ *

4D3.3.3

• • CBIER

• *YES •*•*

• • IS THERE AN • •_ BS••

• ERROR • •328•

......... X* C0•
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ERROR :_..
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.......... x* B5 •
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• • _BIER

eYES ***
eee* • •

eC0eX IS THERE Aq • .; BS:

• • • ERROR • • •
• . • *el

• •

*e CORKNI(TYPE 1) ••

*.COMP tmax,_max,_ max •

• • CSIER

... _****** .... ***_ * * • .YES **.
:R2e.,X: t4 max e }S I"ERE Eq " .i _S:

_ee • _ = t400'000-45 se_ • ERROR • eeeem

Ht•oeeJiiIooo* • •

• * e * eYES e•*

.... !:i_._.T°:._._
• •

A•

C61RX

• ***•**••HtH• _*Hie***mleeD_
e CBPTH COMP. •* *'* * •

e* • eC_:..Xe RESTORE RR_ •

• _4'V4rXTt 4m_ .* **.* _ *

• CBIER

• " " *YES **- :.............: :.............:
* • • e • RESTORE XR_ e e

IS T_ERE _N • ..... ,**tBS *,X*CIXR_|) INTO• ................. X_RESIORE _I_ER_
• ERROR • • • • XR4 • • XR°S •

• *H * • *
* *•**HHe*e*e*m *H** e*•*•****

;o

• C6RETC COMP. * e•*

C0*"• ts,_5'v_ .,x
: Ex,, :

• R7 *

* * CfilZA CRIRX

.... i i*;**_s RC-O .........:_:..x:_ _TO_,_ ... .1
** *t INTO 5,2* *•*

• * • 4 min

_E $ Its' P5' _5)min

I_4TO It5, _'5,m_

CBIRX

• o TO 2,2 * ***

• ¢ II_TO 5,Z

• _¢ I_To(c_,i'_, • ***

v° m_x
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42. CbRETC - LAUNCH RETROFIRE PROGRAM

THE LAUNCH RETROFIRE PROGRAM, CbRETC, IS USED TO

COMPUTE THE TIME, POSITION AND VELOCITY VECTORS AT THE

END OF RETROFIRE GIVEN THE TIME, POSITION AND VELOCITY

VECTORS AT THE BEGINNING OF RETROFIRE, THE NUMBER OF

RETROS FIRED, THE FIRING TIMES OF THE INDIVIDUAL ROCKETS,

AND THE FIRING ATTITUDE.

INPUT

A)

B|

THE INPUT to, ro,_oARE THE VECTORS AT THE INITIA-

TION OF RETROFIRING. THEY ARE IN FLOATING POINT

IN A SEVEN LOCATION TABLE WHICH HAS THE FOL-

LOWING FORMAT -

L(INPUT to, ro, V°

+I x_

+2 y

+3 z

+4

+5

+6

CONSTANTS -

KO0000 DEC

KMO0.5 DEC

TIME IN GMT

SECONDS

POSITION
O'

VECTOR IN

GEMINI

LENGTH UNITS

- VELOCITY
V O ,

VECTOR IN

GEMINI

VELOCITY

UNITS

ZERO

FLOATING

POINT MINUS
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C)

D)

E)

KO01.O DEE

KO02.0 DEC

K022.0 DEC

KOO.UT DEC

KCH233 OCT

KM7777 OCT

PARAMETERS -

TCARCW

SUBROUTINES -

UISICO

UISQRT

LITYPE'OF FIRING

33O

ONE-HALF

1.0 FLOATING

POINT ONE

2.0 FLOATING

POINT TWO

22.0 FLOATING

POINT

TWENTY-TWO

.806813464E3 I GEMINI

TIME UNIT,

IN SECONDS

233000000000 OCTAL MASK

377777777777 OCTAL MASK

WEIGHT OF SPACECRAFT IN

FLOATING POINT POUNDS

INDICATOR)

FLOATING

POINT SINE,

COSINE SUB-

ROUTINE.

FLOATING

POINT SQUARE

ROOT SUB-

ROUTINE.
I

THIS LOCA-

TION CON-

TAINS ZERO

FOR A NOMI-

NAL RETRO-

FIRING SE-

QUENCE AND A
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F) L(TYPE TORQUE SETTING)

G)

NON-ZERO

QUANTITY FOR

A NON-NOMI-

NAL RETRO-

FIRING SE-

QUENCE.

THIS LOCA-

TION CON-

TAINS ZERO

IF THE INER-

TIAL PLAT-

FORM IS NOT

TORQUED DUR-

ING THE RE-

TRO BURNING

PERIOD AND A

NON-ZERO

QUANTITY IF

IT IS

TORQUED.

FOR THE NON-NOMINAL CASE, A NON-NOMINAL INPUT

TABLE MUST BE DEFINED FOR THE PROGRAM. THIS

TABLE HAS THE FOLLOWING FORMAT -

L(NON-NOMINAL INPUT TABLE)

{IF ANY OF THE FOUR ROCKETS DOES NOT FIRE,

ITS ASSOCIATED TIME MUST BE SET TO ZERO.)

nR NUMBER OF

RETRO

ROCKETS

FIRED,

FIXED

POINT B35
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÷1 t 1

+2 t3

÷3 t2

÷4 t4

TIME OF

FIRING OF

RETRO

NUMBER !

IN FLOAT-

ING POINT

SECONDS

TIME OF

FIRING OF

RETRO

NUMBER 3

IN FLOAT-

ING POINT

SECONDS

TIME OF

FIRING OF

RETRO

NUMBER 2

IN FLOAT-

ING POINT

SECONDS

TIME OF

FIRING OF

RETRO

NUMBER 4

IN FLOAT-

ING POINT

SECONDS
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OUTPUT

A)

+5 ROLL ANGLE

AT THE BE-

GINNING OF

RETROFIRE IN

FLOATING

POINT RADI-

ANS

+6 PITCH ANGLE

AT THE BE-

GINNING OF

RETROFIRE IN

FLOATING

POINT RADI-

ANS

+7 YAW ANGLE AT

THE BE-

GINNING OF

RETROFIRE IN

FLOATING POINTRAI)IANS

OUTPUT VECTORS, t,F,_ ARE IN FLOATING POINT IN

A SEVEN LOCATION TABLE HAVING THE FOLLOWING FOR-

MAT -

L(OUTPUT VECTORS)

÷1 x "_

+2 y

÷3 z

BURNOUT TIME

IN GMT SEC-

ONDS

F, POSITION

VECTOR IN

GEMINI

LENGTH UNITS
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+4

+5

FORMULATION

x _, VELOCITY

VECTOR IN

GEMINI

y VELOCIIY

UNITS

+6 z

IN ORDER TO DERIVE THE EQUATIONS FOR COMPUTING THE

TIME AND POSITION AND VELOCITY VECTORS AT THE END OF RE-

TROFIRING, WE MUST FIRST ESTABLISH A REFERENCE COORDINAIE

SYSTEM, SEVERAL COORDINATE SYSTEMS HAVE BEEN ADAPTED FOR

ESTABLISHING THE CAPSULE ATTITUDE AT RETROFIRE TIME.

THREE SUCH SYSTEMS ARE DESCRIBED BELOW, INCLUDING THAT

UPON WHICH THE DERIVATION TO FOLLOW WILL BE BASED.

CONSIDER A RIGHT-HANDED, ORTHOGONAL, INERTIAL SYSTEM,

•-_-xn'Y_'ZP'(THIS SYSTEM HAS BEEN CALLED THE INERTIAL PLATFORM
SYSTEM BY GSFC PERSONNEL AND IS REFERRED TO AS THE COMPU-

TER SYSTEM BY SOME OF THE MSC, HOUSTON, PERSONNEL.)

AT THE BEGINNING OF RETROFIRE, THE yp AXIS POINTS (POSI-

TIVELY) FROM THE SPACECRAFT CENTER OF GRAVITY TOWARD THE

CENTER OF THE EARTH. THE Zp AXIS IS PERPENDICULAR TO yp

AND THE SPACECRAFT INERTIAL VELOCITY VECTOR AND POINTS

POSITIVELY IN THE DIRECTION A RIGHT-HANDED SCREW WOULD

MOVE WHEN THE SPACECRAFT INERTIAL VELOCITY VECTOR IS RO-

TATED INTDyp.__ THE xp AXIS IS PERPENDICULAR TO Yp AND Zp

THE SPACECRAFT IS ALIGNED SO THAI ITS SMALL END POINTS IN

THE DIRECTION OF FLIGHT. (FIGURE I)
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equator

_--- orbit

The yp axis
points away from
the observer toward

the center of the
earth.

FIGURE 1

WITH REFERENCE TO THIS SYSTEM, THE QUANTITIES PITCH,

YAW AND ROLL ARE DEFINED AS FOLLOWS. YAW IS ALWAYS WITH-

IN THE LIMITS OF_IBO ° AND IS A POSITIVE ROTATION COUNTER-

CLOCKWISE ABOUT ypLOOKING FROM THE POSITIVE DIRECTION OF

THE Yn AXIS TOWARD THE CENTER OF GRAVIIY OF THE SPACE-

CRAFT. PITCH IS ALWAYS WITHIN THE LIMITS OF L90 ° AND IS

A POSITIVE ROTATION CLOCKWISE ABOUT z LOOKING FROM THE
P

POSITIVE DIRECTION OF THE z AXIS TOWARD THE CENTER OF
P

THE SPACECRAFT. ROLL IS ALWAYS WIIHIN THE LIMITS OF +180 °

AND IS A POSITIVE ROTATION COUNTERCLOCKWISE ABOUT x
P

LOOKING FROM THE POSITIVE DIRECTION OF THE AXIS TOWARD

THE CENTER OF GRAVITY OF THE SPACECRAFT. WITH REFERENCE

TO FIGURE I, POSITIVE PITCH TILTS TH E SMALL END OF THE

SPACECRAFT UP, AND POSITIVE YAW TILTS THE SMALL END OF

THE SPACECRAFT TO THE RIGHT OF THE ORBIT PLANE.

CONSIDER A ROTATING COORDINATE SYSTEM, xb, Yb, Zb2 (THIS

SYSTEMS HAS BEEN CALLED THE BODY COORDINATE SYSTEM BY

GSFC PERSONNEL AND IS REFERRED TO AS THE PLATFORM SYSTEM

BY SOME OF THE MSC, HOUSTON, PERSONNEL.) WHEREt INITIAL-

LY, XbIS IDENTICAL WITH Xp, yb._ LIES ALONG THE SAME LINE AS

z BUT ITS DIRECTIUN IS OPPOSITE, AND z, IS IDENTICAL
P D

WITH yp. (FIGURE 2.1
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Zb, Yp

FIGURE 2

IN THIS SYSTEM THE AXES ROTATE WITH THE SPACECRAFT

AS MANEUVERS ARE PERFORMED. IT IS ASSUMED THAT INITIALLY

THE YAW, PITCH, AND ROLL ANGLES ARE ALL EQUAL TO ZERO.

MANEUVERS ARE PERFORMED IN THE ORDER YAW, PITCH, ROLL.

YAW IS A POSITIVE ROTATION COUNTERCLOCKWISE ABOUT zb

LOOKING FROM THE POSITIVE DIRECTION OFz b TOWARD THE CEN-

TER OF GRAVITY OF THE SPACECRAFT. PITCH IS A POSITIVE

ROTATION COUNTERCLOCKWISE ABOUT Yp LOUKING FROM THE POSI-

TIVE DIRECTION OF Yb TOWARD THE CENTER OF GRAVITY OF THE

SPACECRAFT. ROLL IS A POSITIVE ROTATION COUNTERCLOCKWISE

ABOUT xb LOOKING FROM THE POSITIVE DIRECTION OF xb TOWARD

THE CENTER OF GRAVITY OF THE SPACECRAFT.

FOR USE IN THE FORMULATION TD FOLLOW, WE CONSIDER

STILL ANOTHER ROTATION COORDINATE SYSTEM, x,y,z. (FIGURE

3.) THE x AXIS IS IDENTICAL WITH THE xb AXIS, y LIES

ALONG THE SAME LINE ASYb BUT ITS DIRECTION IS OPPOSITE

AND z LIES ALONG THE SAME LINE AS zb BUT ITS DIRECTION IS

OPPOSITE.
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Yb

z

Zp, y

I p
X_),X

Zb, Yp FIGURE 3

IN THIS SYSTEM, THE AXES ROTATE WITH THE SPACECRAFT

AS MANEUVERS ARE PERFORMED. IT IS ASSUMED THAT, INITIAL-

LY, THE YAW, PITCH, AND ROLL ANGLES ARE ALL EQUAL TO

ZERO. MANEUVERS ARE ASSUMED TO BE PERFORMED IN THE ORDER

YAW, PITCH, ROLL. YAW IS DEFINED AS A ROTATION CLOCKWISE

ABOUT z LOOKING FROM THE POSITIVE z DIRECTION TOWARD THE

CENTER OF GRAVITY OF THE SPACECRAFT. PITCH IS A ROTATION

CLOCKWISE ABOUT y LOOKING FROM THE POSITIVE DIRECTION OF

y TOWARD THE CENTER OF GRAVITY OF THE SPACECRAFT. ROLL

IS A ROTATION COUNTERCLOCKWISE ABOUT x LOOKING FROM POS-

ITIVE x TOWARD THE SPACECRAFT CENTER OF GRAVITY.

THE FOUR RETROROCKETS ARE PLACED SYMMETRICALLY ABOUT

THE HEAT SHIELD 90 o APART. THEY ARE OFFSET 22.5o FROM

THE AXES. THE ANGLES @i, 1<i<4 ARE MEASURED CLOCKWISE

FROM THE NEGATIVE y AXIS. (FIGURE 4.) THE ROCKETS ARE

CANTED BY AN ANGLE, o= 15° FROM THE LONGITUDINAL CENTER

LINE OF THE SPACECRAFT Ix AXIS). (FIGURE 5.)
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Y

bZ

. 22.5 °

" " @3

_ ] _ / away from the

observer

Figure 4

retrorocket

4

points
out toward
the observer

Figure 5

Xv
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NOW, GIVEN THE POSITION VECTOR, VELOCITY VECTOR, YAW

ANGLE, PITCH ANGLE AND ROLL ANGLE AT THE INITIATION OF

RETROFIRE AND THE FIRING TIMES OF THE INDIVIDUAL ROCKETS

IA ZERO TIME IS GIVEN FOR ANY RETRO THAT DOES NOT FIRE),

IT IS DESIRED THAT THE TIME AND THE POSITION AND VELOCITY

VECTORS AT THE TERMINATION OF RETROFIRE BE FOUND.

THE FOLLOWING FORMULATION ASSUMES THAT THE RETROS

FIRE WITH A CONSTANT THRUST, T, THAT THE ACCELERATION DUE

TO GRAVITY IS -1/ro2, THAT DRAG AND OBLATENESS EFFECTS ARE

NEGLIGIBLE AND THAT THE RETROS FIRE THROUGH THE CENTER

OF GRAVITY OF THE SPACECRAFT SO THAT TUMBLING EFFECTS CAN

BE IGNORED.

THE METHOD CONSISTS, BASICALLY, OF COMPUTING THE

ACCELERATION VECTORS DUE TO THE THRUST AND GRAVITY VEC-

TORS AND CALCULATING A MEAN ORIENTATION OF THE ACCELERA-

TION VECTORS. AN OPTION IN THE PROGRAM ALLOWS ONE TO

ASSUME EITHER THAT THE INERTIAL PLATFORM OF THE SPACE-

CRAFT IS TORQUED DURING RETROFIRE TIN WHICH CASE THE

ORIENTATION OF THE THRUST VECTOR IN INERTIAL SPACE IS

CONTINUALLY CHANGING DURING THE FIRING PERIOD), OR THAT

IT IS NO BEING TORQUED (IN WHICH CASE THE TMRUST VECTOR

IS INVARIANT IN INERTIAL SPACE). TORQUEING THE PLATFORM

MAY BE THOUGHT OF AS BEING EQUIVALENT TO THE ASTRONAUT'S

MAINTAINING HIS ATTITUDE DURING THE FIRING PERIOD BY
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USING THE HORIZON AS A REFERENCE THRUUGH THE WINDOW OF

THE SPACECRAFT.

FROM NEWTON'S SECOND LAw, THE ACCELERATION COMPO-

NENTS DUE TO T_ THE THRUST OF THE RETRO ROCKETS IS THE

FOLLOWING -

T
A = --

m

THE ACCELERATION COMPONENTS ALONG THE x,y,z AXES DUE TO

THRUST CAN BE FOUND WITH REFERENCE IO FIGURE 6.

The heat shield lies in

the y-z plane

Z

i .....

FIGURE 6
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WE HAVE

SO THAT,

T
A = A cos c

X

T
A
Y

T
A

Z

= Asin c cos@i

= A sin c sin _i

AyT = T sin c cos @i

AzT / sin c sin _i

(i)

(2)

THE MEAN ORIENTATION OF THE THRUST AND GRAVITY AC-

CELERATION VECTORS IS COMPUTED WITH RESPECT TO THE

COORDINATE SYSTEM WHICH IS DEFINED AS FOLLOWS -

h = r x v (normal to the r, v plane)

s = h x r (lying in the r, v plane)
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WHERE _ AND _ ARE THE POSITION AND VELOCITY VECTORS AT

TIME t. (FIGURE 7.)

Z

i
I
L

r ",,

I
i
I
i

-- i
\ I

This figure shows the
capsule at a nominal
retrofire attitude

where yaw is 180 ° and
pitch is negative.

Figure 7

IF WE WISH TO FIND THE COMPONENNTS OF THE ACCELERA-

TION DUE TO THRUST PROJECTED ON THE r, h, AND s AXES,

WE WILL NEED THREE ROTATIONS IN THE FOLLOWING ORDER -

-PABOUT THE x AXIS,+fl ABOUT THE NEW Y AXIS, AND +@ABOUT

THE NEW z AXIS. OUR ROTATION MATRIX IS THE PRODUCT OF

THREE POSITIVE ROTATIONS, R z (_ Ry (fl)R X (-p) -
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i °i+ in+
.s.\?

hT = i ¢ cos ¢ 0

0 1

rw/

0\ /cosfi 0 -sinfi\ /1

s 1 0 /
in p 0 cos/_

0 \

0 cos(-p) sin(-p)

0 -sin(-p) cos(-p)

'_x T
_yT}

._zT/

cos @ cosfl sin

= /-sin ¢ cosfl cos¢

sin fl 0

-cos @ sin fl_

sin_inP)cos

/
1 0

0 cos p

0 sin p

0 /AxT

-sin IAy T

cos _AzT

Icos _ cos p ¢
sin

= /-sin ¢ cosfi cos¢

sin fl 0

--COS+S'Ilsin _ sin

COS

kxT

ky T

kZE

(3)

WttERE USING (2)

AxT_ 1_ 0 0 t (_ _/ T---li c°sc )/

_zT/ sinp cos _zT/ sin c sin(p+ ¢i)/

3'.i.3
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THE ACCELERATIO_ DUE TO GRAVITY ALONG THE RADIUS VECTOR

TO T_E CENTER OF THE EARTH IS -

0A
s G

Ah G

A

= 0

1

r G 2
r o

SO THAT AS THE TOTAL &CCELERATION WE HAVE -

\ rT/ \ rG/

As\

A h

At/

cos _cosflAxT + sin _ Ay T - cos @ sin fl AzT _

\
= -sin $,cosfl AxT + cos¢ Ay T + sin@ sinflAz T}

/_sinfl AxT + cosflAzT - 1
2

r o

FIGURE 8, SHOWS THE VECTURS r,h, s AT lIME t

_ITH RESPECT TO [_AE C}RI_,INAL VECIuRS ro, ho, SoAT TIME to •

I W THE GENERAL PROBLEM WHEN THE YAW ANGLE IS NOT 180 ° UR

WI_EN LESS THAN FOUR RETROROCKETS FIRE AT OTHER THAN ZERO

UEGREE R()LL, THERE IS A COMPONENT OF ACCELERATION DI-

RECTED ALONG THE NORMAL TO THE _,v PLANE. THIS COMPO-

NENT WILL CAUSE THE SPACECRAFT TO TIP OUT OF THE O_IC_INAL

- PLA'_E. THE ANbLE 8 IN FIGURE 8 REPRESENTS THE
ro ' Vo

A_GLE BETWEE_ THE ORIGINAL}o, _ PLA;_E A_ THE r,v PLANE ATO

TIME t. THE ANGLE (I)SWEPT BY [HE RADIUS VECTEIR, _, AT

rIME t IS _EASUR[D FROM r TO _.
O

_44
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I
I
I r

/
/

I
I
I
I

I
I

V o

i
I

I
1
6

S
0

FIGURE 8

IN ORDER TO FIND THE COMPONENTS (IF THE ACCELFRA-

TION AT TIME t PROJECTED ON THE ORIGINAL AXES, ro, So,AND _ o,

TWO ROTATIONS ARE REQUIRED. THE FIRST ROTATION IS ABOUT

THE h AXIS AN ANGLE OF -@ WHERE -

N

@ =

VO COS _/O /_k t -J- _ \3 _) As dt dt

r
o

THE SECOND IS ABOUT THE NEW r AXIS AN ANGLE OF-OWHERE -

tan 5 =

A h dt dt

v ° cos To At + I I A dt dtS
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So 

ho} =

ro/

'_So

Aho =

ro

ro/

ho) =

%/

Rr(- 5) Rh(- O)

los 6 -sin 6

in 6 cos 5

o 0

A S

A h

r

Ico:o0

y  sinO

0 sin

1 0

0 cos

_s

kh

cos 6 cos @ -sin 6

sin 6 cos O cos 6

-sin 0

\

cos 6 sin A s

sm 6 sin
• A h

cos O r

cos 6 cos 0 - A h sin 6 + A cos 6 sins r

sin 6 cos @ + A hcos 6 + A sin 6 sins r

-A s sinO + A r cos 0

(6)

TO OBTAIN AN AVERAGE ACCELERATIUN DURING THE FIRING

PERIOD PROJECIEO ON THE ORIGINAL AXES, WE TAKE AVERAGE [IF

THE ACCELERATION FUNCTInNS -
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As 5 A SrAsoaV = _ os 6(cos OdO)d5 - --_- sin 5d5 + _-_ os 5(sin
dt

Ah av = 6--O sin 5 os OdO d5 + -_- cos 5d5 + _ sin 6 i
o

A
r av

o
;0o = - -_- in OdD + os @dO

UPON INTEGRAIIONt WE HAVE -

(sin5 sinO ), Ah(1-cos5 ) sin S(1- cos O)AsoaV = As 50 5 + Ar 50

Ah av = As sinO(1os- cos 5) + Ah sin5 5 + Ar (1- cos 5){150 - cos O)
o

{1- cos O) sinO
A = -A + A

rav s- O r O
o

IF WE CAN CONSIDER 5 AS SMALL FOR A s av,hND FOR A h av' WE
o o

OBTAIN -

sinO A + 1 - cos O AA
s av O s O r

o
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A h _ A hav

11 COS sin 0
A = -A _ v# + A
r av s @ r @
0

FOR THE NO TORQUE CASE, THE aTTITUDES ARE ASSUMED TO

BE HELD CONSTANT WITH RESPECT TO A.W UNCHANGING INERTIAL

PLATFORM. THE THRUST VECTOR IS THUS I'qVARIANT IN INER-

TIAL SPACE. THEREFURE THE ACCELERATION DUE I{] THRUST IS

CONSTANT AND IS SU TL} BE CONSIDERED IN OBTAINING THE

AVERAGE ACCELERATION, I.E., THE COMPONENTS OF THE ACCE-

LERATION DUE TO GRAVITY AT TIME t PROJECTED ON IHE {IRIGI-

NAL ro, ho,_ o AXES ARE GIVEN BY -

Aso_

ro/

= Rr(-6 )

\re

USING {4) AND THE ROTATION MATRIX OF (6) -

I_ As°

ro,/

os 6 sin

= - _-_o / sin 5 sin

_k cos O
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WE OBTAIN THE AVERAGE ACCELERATION DURING THE FIRING

PERIOD PROJECTED ON THE ORIGINAL AXES BY AVERAGING THE

ABOVE ACCELERATION FUNCTIONS. AND WE MUST ALSO INCLUDE

THE CONSTANT ACCELERATION DUE TO ItlRUST -

AsoaV_

Ahoav ] = _ er1

L AroaV

°-°°

in°'n(i 0 OdO d + AhT

k _:eos E) d E) _ArT /

UPON INTEGRATING, WE HAVE -

AsoaV

Ah av =
o

AroaV

1 sin 5 (1- cos O) \

- _ (1 - COS 5)(1 - cos O)

0_2o

sin 0 /

_s T

+ _h T

\rw

AND IGNORING 5 AS SMALL, WE HAVE -
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Ah av
o

AroaV

i : co___s O

Or 2
o

0

-sin O

Or2 °

/AsT_

+ AhT

\ART/

SO THAT THE ABOVE EQUATIONS (7) REDUCE TO -

A av O + As Ts O

Ahoav =~ Ah T

C o)(s'o°)AroaV _ - + ArT

THE NEXT STEP IN THE DEVELOPMENT WILL BE TO COMPUTE

THE _,_,AND t AT BURNOUT AS A FUNCIION OF THE ORIGINAL

VECTORS, ro, Vo, ho.

WE MAY WRITE THE EQUATION OF MOTIUN AS -

= r = A _* + A _* + A h h*r av o s av o av o
o o o
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WHERE ro 'So 'andho

AXES. WE KNUW THAT -

S * --
0

x%) x r°
r ° v ° cos 3'0 ro

ARE UNIT VECTORS ALONG THE

(to.ro)V° -(to. °
2

r° v° cos 7o

Q

ro, h o AND s o

rov o - rov ° sin 3'o_o
2

r ° v ° cos Yo

O

cos _/o
tan Yo_o*

* sin - *Vo - _o ro

cos 7 0

SO,

"_2

K = r = (A r av
O

A
S av

av)_o,_ + o _, + Ah _,- tan _'o As ° cos Yo v° oaV o
(9)

WHERE

u

h* =
0

r° v ° cos Yo

WE NOW WANT TO INTEGRATE THE EQUATION OF MOTION (9) TO

OBTAIN v AND r AND WE ALSO WANT T{) DETERMINE THE CON-

STANTS OF INTEGRATION -

Yt t _1
- "- rdtv = r = +

O

A

_tICA av) sav= - tanYoA r° , + o V, + Ah
to roaV s o cos Yo o oaV

ho* j dt + _1

(10)
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FOR SIMPLICITY IN PERFORMING THE NEXT INTEGRATION TO OB-

TAIN _, WE NOW LET -

A ' = A - tan _ A
r r av "o s av

0 0

A
S aV

0
A t -

v cos _o

AI_ = Ah av
0

J

(11)

SETTING UP INITIAL CONDITIONS -

If t = to, then V = Yo (at initial time to)

t o

v° = ft rdt + Cl

O

V° = 0 + 51

NOW, HAVING OBTAINED _i :_ (A CONSTANT), WE MAY NOW USE

(TO) AND {[1) TO OBTAIN THE GENERAL EXPRESSION -

v = r *
0 ft t ft t _tt 1_A r' dt + Vo* Av' dt + ho* A dt + Vo

O O 0
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WHICH WE MAY USE TO OBTAIN V FOR ANY TIME t.

UPON INTEGRATING AGAIN -

= Vdt + c2

O

(11.1)

_,ct f: f: f: _ f: _t f: ")- ' dt dt + A I_ dt dt + Vo dt + c2 <j
= A r' dt dt + Vo* Av h°* t

O ,Jto O O O O O O

TO OBTAIN 52 WE SET UP INIIIAL CONDI[IONS AGAIN -

t = to, then r = ro(atin_i_ time)

t

-r° = V dt + c2

O

_o = 0 + _2

SO WE OBTAIN _ =c {A CONSTANT) AND WE SUBSTITUTE DIRECTtY
0 0

INTO (II.I) TO OBTAIN -

t tcjt _t _t f; f: ft t
Y = Y * (_. _ A'dtdt+- A'dtdt+- Al_dtdt+V o dt+

r Vo* to to v ho* oO Jt
--0 0 0 0 0

AND v v = v
AND SINCE r° ro =r o o o o

WE MAY WRITE -

Ii ft 1 I_ f_ _tdt_ f_ ft

t t t t

' + _o* AI_ dt dt* A rdtdt+r ° +_o* A vdtdt+v o
= r° to o to o to J o o
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NOW_ SUBSTITUTING BACK USING IIl)_ AND LEAVING OFF IHE

LIMITS OF INTEGRATIO,_, FOR SIMPLICITY, WE OBTAI_ -

A

,;I avl* -tan A dt+_ * o dt+h avdt+T °= ro roaV 3'o s o o cos 7o h °

= Fo* dt - tan av d + °---2---- dt + h av dt + T °
roaV s o cos 7o SoaV h °

= Yo* _Ar oav dt + L c°s 7o _-o* tan A s oav dt + h hoav dt + V°

AND

* _(A-tan av) dt dt + ro] + V-o*L,_ _c---_ _o dt dt + Vo _dtl= ro roaV 7oAs ° fP pAsoaV

* dt dt
+ h o hoav

= _o* E_SAroav dt dt- tan _/o _AsoaV dt dt + ro_ + _o*_co-ls 7o S_ASoaV dt dt+ Vo_d_

 o*ff  oaV t  

0
Vo*r + dtdt

dt dt - Yo* tan Yo s oavdtdt+_o o cos _/o SoaV

*v ° t+h *+70 o h av
0

dt dt
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 *tao ,avdt  - o*hav dt= ro roaV L c°s Yo o s o o

To* Jdt + _ * r+ VO 0 0

LET

THEN

V r = _A avdt
r o

V O = _A dtS av
o

VN = ffAhoavdt

F V**V + ._2_
V ='9 0 r L c°s'Yo

o]Ve -*tany + h*_o o VN + Vo

(12)

(13)

AND LET

Rr oaV
dt dt

RO = ffffAsoavdtdt

RN = ffffAh av dtdt
0
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THEN, -

V*
-*R + o

P = ro r cos 7o

V*
-*R + o

= ro r cos "Yo

ro*tanTo}Ro + h*RN + V*v _dt+P*ro o o o o

• tanTo}Ro + _, RN + _o_dt + _ (14)
ro O 0

WE MUST N0W PROCEED TO EVALUATE V r, V O, V N

WE FIRST EVALUATE V r _ V O , AND V N.

, AND R r, R O, R N

FOR THE TORQUE CASE WE MAY WRITE USING (7)

Aroavdt = i coso O

sin O CA dt
- O J--r

_A h av dt = _Ahdt
0

SAsoavdt= _( si%----_0)As 1 - cos O) r}+ O A dt

sinO_A dt + 1-c°sO _ AdtO s O r

(15)
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(s)) :

O

= cos @ cos _ X

_cos _ _de - sint3_A Tdt_+ sin_Ay Tdt= cos @ /9 A. Z

(16)

_Ahdt = _-sin_ cosflAxT + c°s_AyT + sin_ sinfl AzT] dt

=-sin¢ cosfl_AxTdt + cos_b_AyTdt + sin_ sinfl_Az T dt

= sin@(-cosfl_AxTdt + sin/3_AzTdt_ + cos¢_Ay Tat

(i6.1)
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SINCE THE LEVEL UF THE THRUSTING FORCE IS CONSIDERED CON-

STANT AND THE AVERAGE MASS IS USED THROUGHOUT THE BURNING

PERIOD, THE INTEGRALS IN {16) AND(16.1) MAY BE REPLACED

BY SUMMATIONS. WE THUS HAVE -

• - _ at i
i : i i ro i

_Asdt = cos¢_cosfl_l. AX'T1 Ati - _AzITAtil _ A TAt.
sin fl . + sin ¢ Y. :

i i 1

SAh dt = sin@ fc°sfl_AxTAti + sinfl_iAz:TAtil + COS_b_A. TAt.• • ]C. 1

i 1 i i

If we let:

_Ax.TAt i = Vx T

i :

Ay. T At i = Vy T

i :

TAz.T At i = Vz

i :

(17)
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AND ALSO

_At i = A 4 (18)

THEN

_A VJ Vz T A4dt = sinfl + cos/_ -
r r

o

A dt = cos¢ (cosflV TS x

"h

sin fl VzT_ + sin _) V T
J Y

dt = sin _ (-cosfl VxT + sinflvT _ + cos_ vT
J Y

(19)

AND SUBSTITUTING (19) BACK INT0 (15), WE USE (12) TO OBTAIN, FINALLY: -

avdt (__.O)_Ar d t (1 - cos 0)_ dtVr = Aro = _ _ As

+ cos/9 VzT - _l-(1-c°sO')(cos@(coSflro,O VxT - sin/9 vzT )
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Coo  (oos v:) +C1-cos )- sin fl VzT + sin _ Vy 0

in B V x z -

0 /

VN = _Ahoavdt = SAhdt

FOR THE TORQUE CASE.

NOWWE MUST EVALUATE V r , V OAND V N FOR TItE NO TORQUE CASE.

USING (12), (8), AND (3), WE OBTAIN:

v = _Ar r av
O dt = CF(sino_ . ArT_dtJLL_ J(-_)

= (_) I- r_o) _dt + SArTdt

+_AxT sinfl + AzT cosflldt

= _si____._e)(_ r_o)_dt + sinfl_AxTdt + cosfl_AzTdt
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V 0 = Asoavdt = 0 s

(1-oo o/C1).;.; dt- 0 --_ dt + AST
r o

ro]

cos ¢ cosfl + Ay T sin _b

-Az Tcos¢ sin_t

S° ;_x_ ;.,_tt + cos@ cos_ dt + sin@ y

- cos @ sin _fAzT dt

V N = fAhoav dt _A h dt

= -sin_cos _AxTdt + cos ¢py T

+ Ay T cos _b + AZ T sin ¢ sin fl_dt

dt + sin ¢ sinfl_AzTdt
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AGAIN WE REPLACE THE INTEGRALS BY SUM_ATIONS, AND
USING (17) AND (18) WE OBTAIN:

V
r : I- o> ,,,os,vT1 A 4 + sinfl V x z

= (9 --2 A4 + cos¢ cosfl V x

ro)]

+ sin ¢ Vy T - cos ¢ sinfl Vz T

T T T
= - + cos¢ V + sine sin fl VV N sin ¢ cos fl V x Y z

FOR 1liE NO TORQUE CASE,
IF WE NOW LET

T sinfl V Tal = cos/3 V x = z

T T
= + cos _ VA 1 sin fl V x z

T
A 2 = cos ¢o_1 + sin CV Y

T
A 3 = =sin¢_l + cos¢ V Y
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WE MAY NOW WRITE:

V r = - _

o/

1 r° j

V N = A 3

FOR THE TORQUE CASE) AND FOR THE NO TORQUE CASE) WE MAY WRITE:

V
r

o r

v,(,-oo,,l1_41,,,= O ro /

V N = A 3

NOW WE MUST EVALUATE R r ) R 0 ) AND R N FOR BOTH

THE TORQUE AND NO TORQUE CASES. fie FIRST CONSIDER

THE TORQUE CASE :
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R r roaV - O As + -- A dtdt

- O r dtdt -

Re _Asoavdtdt = _(si_E))As + (1-c°se) r_= O A dt dt

= (s_E)/_Asdtdt + / 1-c°sE))O _Ardtdt

RN = _Ahoavdtdt = _Ahdtdt

(20)

WHERE (USING (S)),

_ _AxT _ Tdtdt ----1 _SdtdtA rdtdt = sinfl dtdt + cosfl Z r 2
O

_Asdtdt = cos_bcosfl_AxTdtdt+sin_b_kyTdtdt-cosVJsinfl_ k TZ dtdt

_SA _k Tdtdt+cos@_AyTdtdt+sin@sinfl_% Tdtdthdtdt = -sin@cos_ X Z

AGAIN WE REPLACE THE INIIIGRALS BY SU_ATIONS SINCE THE LEVEL

OF _RUST IS CONSIDERED CONSTANT AND THE AVERAGE MASS IS USED

THROUGHOUT 'rileBURNING PERIOD. WE OBTAIN:
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_Ardtdt = sin fl_. (AxiT Ati)f Ati + cos fl_./AziT Ati/f Ati
1 1

2r 2
O

ffffAs dtdt = cos ¢ cos fl_ (AxiT Ati)f Ati+. sin ¢ _ (AYiT Ati) f Ati
1 i

1

Ati/f At i

_A = _(A TAti/fAt. + cos ¢_iCAYiTAti/fAtih dtdt - sin ¢ cos fl . X i x
1

_I A TAti) fat i+ sin @sin 19 . Zi
1

LETTING

_. (AxiT Ati)f At i = RxT
1

1

=z
1

(21)
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WE OBTAIN USING (19):

_Ardt Tdt = sin/9 R x

T (A4) 2

+ cosfl R z 2r 2
o

_A dtdt = cos¢ cos/9 R + sin_b R
T T

s x y

T
- cos¢ sin fl R

Z

SS A T + cos ¢ R Thdtdt = -sine cosfl R x Y

T
+ sin_b sinflR z

(22)

NOW, SUBSTITUTING (22) BACK INTO (20):

R
r : _A dtdt : I-_-_ -) (sinflR T

roaV x

T
+ cos fl R

Z ('4)2)
2r 2

O

_ 1 - cosO.) / T(3 cos _b cos fl R x + sin _bRy T - cos ¢ sin fl RzT )

RO = _AsoaV dtdt = os _bcosflR x Y - cos _b sin fl RzT /

(1-cose.)(_ (sin fir Tx + cos fl R z 2r 2
O

_S A T + cos _bR T
R N = hoavdtdt = - sin¢cosflR x Y

T
+ sin ¢ sin fl R

Z
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FOR THE TORQUE CASE.

NOW TO FIND R r , RE) , AND R N
FOR THE NO TORQUE CASE,

WE USE (8) AND (3) TO OBTAIN:

R
r = AroaV dt dt = - -_ + Ar

r o

R e --- Asoavdtdt = e _o + As

_ _ ___1 dtdt + cos @ cos 19 dtdt
= 0 2

ro/

A Tdtdt - cos@ sinfl Z
+ sin_b y

RN = _Ah av dtdt = _Ahdtdt
0

=-sin¢cosfl_Ax Tdtdt + cos@_Ay Tdtdt

+s  sio S zTdtdt
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NOW, REPLACING THE INTEGRALS BY SUMMATIONS, AND USING (21) AND

(18), WE HAVE: -

si____ A4 + sinflR T + cosfl R T

Rr = 2r2o x z

Re= _ 2r 2] +

T T
+ sin _bRcos @ cos fl R x Y

T
cos ¢ sin fl R

Z

T T T
= + sin_sinflRR N - sin_bcosflR x + cos @Ry z

FOR THE NO TORQUE CASE.
IF WE NOW LET

T T
_2 = cosflR x - sinflR z

x T TB 1 = sinflR + cosfl R z

T
B 2 = cos @_2 + sin CRy

T
B 3 = -sin ¢_2 + cos @Ry

A 4
A5 = T
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WE MAY NOW WRITE: --

R N = B 3

(l_COS A, 0,+ o 1 /

FOR THE TORQUE CASE j AND FOR THE NO TORQUE CASE, WE MAY WRITE -

R r = _ r2 + B 1
O

= 2 + B2
e ro

R N = B3

HAVING OBTAINED V r , V O , V N , AND Rr , RE) , AND RN

FOR BOTH TdE TORQUE AND NO TORQUE CASES, WE MAY NOW SUBSTITUTE

THEM DIRECTLY INTO (13) AND (14) TO OBTAIN V AND _ RESPECTIVELY.

NOTE THAT WE MAY NOW REWRITE (14) AS -

F __E ]
-*R + -*t_ R e + h*R N + V +_

= ro r L_cos To ro o j o o oA 4

P

where we have replaced the integral 3dt in (14) by the summation
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WRITINGTHE EQUATION FOR THE BURNOI_ VECTORS _ AND _ IN

TERMS OF THE INPUT VECTORS ro * or- , AND ho "

= DI_ 0 + D2V 0 + D3h 0

V : C1_ 0 + C2V 0 + C3h 0

WHERE

R r - R 0 tan 7 o
D 1 = + 1r

0

R o

- + A 4D2 V ° cos 7o

R N
D 3 = -_-

O

AND

C 1 =
V r - V 0 tan To

r
o

C 2 -

Vo

V ° COS _0

+ 1

0
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THE EVALUATION OF THE EQUATIONS IN (17) AND (21) FOR

RxT,RyT, T IS DEPENDENT UPON THE ACCE-VxT,VyT,Vz T, AND R z

LERATION DUE TO THRUST, THE NUMBER OF RETROROCKETS FIRED,

THE LENGTH OF THE FIRING PERIODS OF THESE ROCKETS. FUR-

T,RyT ' T WILL BE SEEN TO BE DEPENDENTTHERMORE, Rx AND R z

UPON THE FIRING TIME OF EACH INDIVIDUAL ROCKET. THE EVA-

LUATION OF VxT, VyT, ANDVzT IS STRAIGHIFORWARO -

VT =
X

nRAt D T cos C

m ,

n R

n R
At D T sin C _-"

= L cos (¢i + p)VyT m
nR i=l

n R
At D T sin C _-,

VzT = m L sin (@i + p)
nR i=l

(23)

WHERE _tD IS THE LENGTH OF THE FIRING PERIOD FOR EACH RE-

TROROCKET, T IS THE THRUST FOR EACH RETROROCKET, nR IS

THE NUMBER OF ROCKETS FIREO AND m IS THE AVERAGE MASS

nR T, RyTDURING THE BURNING PERIOD. IN ORDER TO EVALUATE R x

T,WE MUST EVALUATE f_t. WHICH WILL BE SHOWN TO BE A
AND R z 1

FUNCTION OF THE LENGTH OF THE FIRING AND THE rIME OF

FIRING OF EACH INDIVIDUAL ROCKET.
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THE NOMINAL RETROFIRING SEQUENCE IS I, 3, 2, 4 WITH

REFERENCE TO FIGURE 4 EACH ROCKET BURNS FORAtDSECONDS,

AND THE RETROS FIRE AtnSECONDS APART. THIS REPRESENTS A

SEQUENCE OF THRUSTING PERIODS WHICH CAN BE CONSIDERED AS

A CONTINUOUS THRUST IF THRUST TRANSIENTS ARE SMALL. SINCE

THE ACCELERATION DUE TO THRUST IS NOT A FUNCTION OF THE

INDIVIDUAL FIRING TIMES OF THE RETROS, BUT ONLY OF THE

LENGTH OF THE INDIVIDUAL FIRING PERIODS AND THE THURST

AND MASS OF THE ROCKETS, WE MAY IMMEDIATELY WRITE AN EX-

PRESSION FOR THE MEAN ACCELERATION DUE TO THRUST -

nRAt D T
(24)

At B m n

n R r

WHERE_tBnRIS THE LENGTH OF THE BURNING PERIOD FUR THE

TOTAL NUMBER OF RETROS FIRED.

SINCE THE RETROFIRING IS CONTROLLED BY A TIMERSE-

QUENCING THROUGH COMMUTATORS ASSOCIATED WITH THE INDIVI-

DUAL ROCKETS, AN ERROR IN THE TIMER COULD CAUSE A DEVIA-

TION FROM THE NOMINAL SEQUENCE. OVERLAPPED FIRING COULD

RESULT FROM A FAST TIMER. THRUST GAPS COULD RESULT FROM

A SLOW TIMER, OR FROM THE MISFIRING OF ROCKET NO.3, OR

NO.2. A CONTINUOUS THRUST STILL RESULTS IF ROCKET NO.I OR

NO. 4 MISFIRES SINCE THEY ARE, RESPECTIVELY, THE FIRST
I

AND LAST ROCKETS TO FIRE.

LET US NOW CONSIDER THE POSITION AND VELOCITY DETER-

MINATION DUE TO THE THRUST OF THE ROCKETS WHEN THE FIRING
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SEQUENCE DEVIATES FROM THE NORMAL. LET to, tl, t2, t3 BE THE

FIRING TIMES OF THE FIRST, SECOND, THIRD, AND FOURTH

ROCKETS TO FIRE, AND LET ro, rl, r2, AND r3, vO, Vl, V2,ANI) v3

BE THE POST/IONS AND VELOCITIES ASSOCIATED WITH THOSE

TIMES, THE POST/ON AND VELOCITY AT BURNOUT (THE COMPLE-

TION OF RETROFIRING) ARE PRESENTED BY r4 AND v4. AGAIN AtD

REPRESENTS IHE LENGTH OF THE BURNING PERIOD FOR EACH

ROCKET. THE QUANTITY m IS USED TO REPRESENT THE AVERAGE

MASS DURING THE BURNING PERIOD. WE CONSIDER THE CASE

WHERE THRUST GAPS OCCUR, I,E., WHERE ti+l-ti > _tl_.tJ

t O At D t 1 At D t 2 At D t 3
I I gap I I gap I I gap I

Ar0 Ar i Ar2

r 0 r I r 2 r 3

l I I I I I I
v 0 v 1 v 1 v 2 v 2 v 3 v 3

lJ4

I
v 4

WE KNOW THAT

v=v0+ at

1
r = r 0 + v0t + _at 2

(24. I)
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SO)

Vl = v0 + Tm AtD

1TAt 2
rl = r0 + v0AtD + 2 m D + Ar0 where Ar 0 = Vl_t I -(t o

rl = ro + voAtD + 2 m D + Vl 1 - (to + At .

SUBSTITUTING FOR vI WE OBTAIN =

,2]rI = r0 + Vo(tI -to) + _ tD(tl -to) -_At D

T
v2 = Vl + m AtD

= v 0 + 2TAt D

1 T AtD 2r2 = rl + vIAtD + 2 m + Ar I where

1 T _tD 2r2 = rl + vlAtD + 2 m + v2 2 -(tl
L

r I = v2_ 2 - (t 1

+ AtD) _
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SUBSTITUTING FOR rI , vI , AND v2 WE OBTAIN -

TF-

r 2 = r0 + v0(t 2-t0) + m[_tD(tl-t0)

v 3 = v 2 + TAt D

+ 2 AtD(t 2 - tl) - AtD_

= v 0 + 3 TAt D

1 T AtD 2 F3r 3 = r 2 + v2At D + _ _ + Ar 2 where Ar 2 = v 3 -(t 2

r3 = r2 + v2_tD + 2 .m + v3 3 - (t2 + AtD)

SUBSTITUTING FOR r 2 , v 2 , AND v 3 WE OBTAIN

r3 = r0 + v0(t3 - to) + m tD(tl - to) + 2AtD(t2 - tl) + 3 AtD(t3 - t2)- 2AtD

v 4 = v 3 + TAt D

= v0 + 4 T---mAW

r4 = r3+v3At D + 12 TAtD2

(25)
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SUBSTITUTING FOR r 3 AND v3 WE OBTAIN

T

r 4 = r 0+v0(t 3-t 0+ At D) +--m

AtD(t - to) + 2AtD(t 2 - tl) + 3AtD(t 3 - t2) + 2AtD2_

(26)

N(_V WE LET t o = 0, t 1 = 10.5, t 2 = 21, t 3 = 31.5

SO THAT WE HAVE EQUAL THRUST GAPS, AND WE LET AtD= 5.5.
USING (25) AND (26) AS EXPRESSIONS FOR THE VELOCITY

AND POSITION DETERMINATION AT BURNOUT, WE OBTAIN:

T
v 4 = v 0 + 22_

T E5.5(10.5) + 11(10.5) + 16.5(10.5) + 60.5]r4 = r0 + v0(37) + m

= r 0 + 37 v 0 + 407 Tm
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IF WE USED IHE MEAN ACCELERATION lZ4) AND THE EXPRESSIONS

IN (24.1) TO DETERMINE THE POSITION AND VELOCITY AT BURN-

OUT, WE OBTAIN -

v 4 -- v 0 + At B (A)
n R

n R At D T

= v0 + A tB t B m
nR n R nR

T
= v0 + nR AtD m

n R

T
= v 0 + 4(5.5) m

n R

T
= v 0 +22 ra

n
R

1 )2r 4 = r 0 + v 0At B + _ CA) (At B
n R n R

1 nR AtD T )2
= -- ( At B

r0 + v0AtB + 2 At B mnR nR
nR n R

1 T
= r0 + v 0 AtB + _ AtB nR AtD rn

n R nR n R

1 T
=r 0 + v 0(37) + _ (37) (4) (5.5) rn

n R

= r 0 + 37 v 0 + 407
T

m

n R

377



VOL Ill REAL TIME PROCESSORS PART I - LAUNCH/ABORT

THUS, WE SEE THAT WE HAVE OBTAINED IHE SAME RESULTS FOR v4

AND r_USING THE MEAN ACCELERATION (NOT TAKING INTO AC-

COUNT THE INDIVIDUAL FIRING TIMES OF THE RETROS, BUT ONLY

THE LENGTH OF THE ENTIRE BURNING PERIOD, AtBnR AND

USING THE DERIVED EXPRESSIONS WHICH TAKE INTO ACCOUNT THE

INDIVIDUAL FIRING TIMES OF THE RETROS.

NOW WE LET tO=O, t1= 10.5, t2=26, t3 =46.4 SO THAT WE

HAVE UNEQUAL THRUST GAPS AND LET AtD 5.5 AGAIN. USING

OUR DERIVED EXPRESSIONS, (25) AND (26), WE OBTAIN -

v 4 = v 0 + 22 Tm

r 4 = r 0 + 52v 0 + 627 Tm

USING THE MEAN ACCCLERATION {24) AND THE EXPRESSIONS IN

{24.1} WE OBTAIN -

v 4 = v 0 + 22 Tm

r 4 = r 0 + 52 v 0 +572 Tm

THUS, WE SEE THAT WHEN NON-SYMMETRIC FIRING GAPS

EXIST, THE SOLUTION FOR THE POSITION USING THE MEAN ACCE-

LERATION WILL DIFFER FROM _HE DERIVED SOLUTION WHERE THE

INDIVIDUAL FIRING TIMES OF THE RETROS ARE TAKEN INTO AC-

COUNT.
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THE SAME ERROR WILL BE FOUND TO EXIST FOR THE CASE

WHEN NON-SYMMETRIC FIRING OVERLAPS OCCUR. TO ACCOUNT FOR

THESE NON-SYMMETRIC CASES, WE HAVE DEVELOPED AN EXPRES-

SION FOR f_ti) WHICH TAKES INTO ACCOUNT THE INDIVIDUAL

FIRING TIMES OF THE RETROROCKETS AND RxT, RyT,Rz T ARE COM-

PUTED AS FOLLOWS -

nR

Rx = i
i--1

n R

T = _V TRy Yi
i=l

n R

T _V TR z = zi
i=1

WHERE

T
V

X.
1

At D T cos o

m

n R

T At D T sin c
V =

Yi m
n R

T
V

Z.
1

At D T sin c

m

nR

cos (¢i + p)

sin(q5i + p)
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AND tI IS THE FIRING TIME OF THE LAST RETRO TO FIRE.

SAME EXPRESSIONS ARE USED FOR SYMMETRIC CASES.

THE

METHOD

WHEN CONTROL IS TRANSFERRED TO C6RETC, THE CONTENTS

OF INDEX REGISTERS I THROUGH 6 ARE SAVED. THE LOCATIONS

OF THE INPUT AND OUTPUT VECTORS TABLES ARE PICKED UP AND

THE TORQUE SETTING IS SAVED. THE PROGRAM HAS AN OPTION

TO COMPUTE THE BURNOUT VECTOR FOR A NOMINAL OR NON-NOMI-

NAL FIRING SEQUENCE. THE BRANCH FOR THE NOMINAL FIRING

SEQUENCE ASSUMES THAT ALL FOUR RETRUS HAVE FIRED IN AN-

TICIPATED ORDER II, 3, 2, 4) AND WITH EQUAL FIRING rIMES

OF 5.5 SECONDS PER RETRO. IT FURTHER ASSUMES A NOMINAL

ATTITUDE AT THE BEGINNING OF RETROFIRE WHERE THE ROLL,

PITCH AND YAW ANGLES ARE FIXED. THE NON-NOMINAL BRANCH

ALLOWS FOR LESS THAN FOUR RETROS FIRING, FOR FIRING IN

OTHER THAN NOMINAL SEQUENCE, AND ALSO FOR UNEQUALLY

SPACED FIRING TIMES AND NON-NOMINAL ROLL, PITCH, AND YAW

ANGLES. A TEST IS MADE ON A PARAMETER SPECIFIED IN THE

CALLING SEQUENCE TO DETERMINE WHIC_ BRANCH IS TO BE TA-

KEN. IF NO RETROS HAVE FIRED, THE INPUT VECTORS ARE SUB-

STITUTED FOR THE OUTPUT VECTORS. IF ANY RETRO HAS FIRED,

THE BURNOUT VECTORS ARE COMPUTED UNLESS THERE IS AN ERROR

RETURN FROM AM SUBROUTINE. THE BURNOUT VECTORS ARE

PLACED IN THE OUTPUT VECTORS TABLE, THE INDEX REGISTERS

ARE RESTORED, AND CONTROL IS TRANSFERRED BACK TO THE

CALLING PROGRAM.

THE FOLLOWING EQUATIONS ARE USED FOR THE NON-NOMINAL

CASE -
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T
T c

Vx = nR m
II

Vy T = cos(¢ i + p Ts

i=l

T s
VzT = sin(¢ i + p g

Li=l

g

T
R

X

T
R

Y

T
R

Z

At D

Ki L- ti + --2--/I

np,cos( b 

K1ti=l

g

+p) _ ti + s g
mn R

+p) _ ti + s g

mn R

(28)
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WHERE

mn R = Wc -(_-/ (wf)

W IS THE WEIGHT OF THE CAPSULE AT RETRUFIRE IN
c

FLOATING POINT, POUNDS

w IS THE WEIGHT OF THE FUEL PER RETRO IN
c

FLOATING POINT, POUNDS AND

g IS THE FACTOR TO CONVERT FT/SEC 2 TO GEMINI ACCEL-

ERATION UNITS.

Te AND Is ARE PROGRAM CONSTANTS DEFINED AS FOLLOWS -

T c = K 1At DTcos c

T s = K 1At DT sine

T IS THE THRUST OF THE RETROROCKETS IN FLOATING

POINT POUNDS, e IS THE CANT ANGLE OF THE RETROROCKETS,

K 1 IS THE FACTOR TO CONVERT SECONDS TO GEMINI IIME UNITS,

n R IS THE TOTAL NUMBER OF ROCKETS, At D IS THE LENGTH OF

THE FIRING PERIOD FOR EACH RETRD IN FLOATING POINT

SECONDS, tL IS THE FIRING TIME OF THE LAST RETRO TO FIRE

IN FLOATING POINTS SECONDS, GMT, tf IS THE FIRING TIME

OF THE FIRST RETRO TO FIRE IN FLOATING POINTS SECONDS,

GMT, AND ti IS THE FIRING TIME OF THE L _ RETRUROCKET

TO FIRE IN FLOATING POINTS SECONDS_ GMT.

(z1 = cosfl VxT - sinfl VzT

c_2 = cosfl RxT - sinfl RzT

A 1 = sin fl VxT , cosfl V T
z
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T
A 2 = cos¢c_ 1 + sine V Y

T
A 3 =-sin¢_l + cos_ V Y

A 4 = K l(t L- tf + A tD)

A 5 = -K12-(tL - tf + AtD)

A 6 = t L - tf + At D

T T
B 1 = sinflR x + cos fl R z

T
B 2 =. cosec2 + sin¢ R Y

T
B 3 = sin¢_2 + cos¢ R Y

FOR THE NOMINAL CASE, THE ABOVE EQUATIONS (28) REDUCE TO
THE FOLLOWING --

T
T c

V =4--g
x m

n R

T
V = 0

Y

T
V

Z
= 0

T

T = 44KI cRx m
T

g = llK 1 V x
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T
R = 0

Y

T
R = 0
z

c_1 = cos _ Vx T

T
(_2 = cos _ R

X

THEREFORE_ WE NEED USE ONLY THE FOLLOWING -

T
0

T
B =V =4_g

x m
n R

A 1 = B sin

A 2 = - B cos

AS = 0

A 4 -= 22K 1

A 5 = IIK 1

A 6 = 22

BI : sin R T

B 2 = - cos _ R

B 3 =0

A 1
- _ (11K I B) = 11K 1A 1 = A 5A 1

A 2
T = + (IIK 1 B) = 11K 1A 2 = A 5A 2x
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IT SHOULD BE NOTED HERE, THAT IF A NOMINAL RETRO-

FIRING SEQUENCE IS USED IN THE NON-NOMINAL LOOP OF THE

PROGRAM, RESULTS WILL DIFFER, SLIGHTLY, FROM THOSE WHICH

WOULD BE OBTAINED BY RUNNING THE NOMINAL CASE THROUGH THE

NOMINAL LOOP. THIS CAN BE ATTRIBUTED TO THE FACT THAT

T,V_, AND RSMALL ERRORS ARE BUILT UP IN THE SUMMATIONS FOR Vy
AND RT WHICH SHOULD BE EXACTLY ZERO FOR A NOMINAL FIRING

Z

SEQUENCE.

THEN, FOR BOTH THE NOMINAL AND NON-NOMINAL CASES,

T

Y

THE FOLLOWING ARE COMPUTED.

2
r =_ • _

O O O

2
v =V • V

O O O

(ro • vo)

_n_o: Irolf_ol

cOS7o = _1- sin 27o

sin 7o
tanT ° =

cos T °

-- Xho 3o %

h° : IrolIvoloosT°

v o A 4 cos To + B 2

r
o
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O

v o A 4 cos To + B 2

r
o

sin O
Q1- @

-_n2 = (1 -COSo O)

r
o

(-A4)(A 5)

F2 - 2
r
o

IF THE TORQUE OPTION IS BEING USED, THE FOLLOWING
EQUATIONS ARE APPLIED TO OBTAIN -

L 1 = A 1 + F 1

L 2 = BI+ F 2

V O = A2Q 1 + L1Q 2

V r = L1Q 1 - A2Q 2

R O = B2Q 1 + L2Q 2

R r = L2Q 1 - B2Q 2

AND IF THE NO TORQUE OPTION IS BEING USED -

W O = A 2 + FIQ 2

V r = A 1 + F1Q 1
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R e = B 2 + F2Q 2

R R = B 1 + F2Q 1

FOR BOTH CASES j R N = B 3 AND V N = A 3.

FINALLY THE FOLLOWING EQUATIONS ARE APPLIED -

C 1 =
V r - V e tan Yo

r
o

V e
- + 1

C2 cos ToV o

V N

C 3 = -if--
O

R r - RE) tanyqlD 1 = ro

D 2 = A 4 +
R 0

v ° cos To

D3 - h
O

+ 1
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THE BURNOUT VECTORS ARE OBTAINED USING -

= DI_ o + D2_ o + D3h o

V = C1_ o + C2v o + C3h o

USAGE

A)

B)

C)

CALLING SEQUENCE

L TSX

L+I PZE

L+2 PZE

L+3

L+4

L+5

C6RETC,_

L(INPUr to, ro, Vo ,,L(OUTPUT t,r,v)

LITYPE OF FIRING INDICATOR),,

L(TORQU[ SETTING)

PZE LINON-NOMINAL INPUT TABLE)

ERROR RETURN

NORMAL RETURN

A LOCATION NEED BE SPECIFIED IN L÷3 UF THE

.CALLING SEQUENCE ONLY IF A NON-NOMINAL FIRING

SEQUENCE IS SPECIFIED IN L+2.

STORAGE REQUIRED -

493 DECIMAL LOCATIONS EXCLUDING SUBROUTINES, AND

EXTERNAL CONSTANTS AND PARAMTERS.

TIME REQUIRED (7n94 MOD I MAXIMUM) -

NOMINAL (NO TORQUE) - 2.18 MILLISECONDS

NOMINAL (WITH TORQUE) - 2.26 MILLISECONDS

NON-NOMINAL (NO TORQUE) - 6.12 MILLISFCONDS
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NON-NOMINAL (WITH TORQUE) - 6.22 MILLISECONDS
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*OItIH**=*****

ENTER
: Or4 •

•••.•s.*****s**

C6RECT
ei•Hit*leomH*

• [NIT. SAVE :

*IR'S t 2 3,_,*.s,6.v_ _OMPt.
*mw**He•IitH*

• L(INPUT) INTO•

• XRI. 2'S •

• COMPL. LIOUT,

• PUTT INTO XR2-

••****s•.•*•*,.

°

k
•*••m**•.*••*s•

: TORQUE :

• SETTING INTO*

• T!

• " * *YES "............."
.e• • Hi

•_o.x i LT4 ...............x: i+iINru I :..A AS:

• C6RER * *

• *NO **m• ** . .NO

If + * .X C3 • .CleX t I GT tL *
• -391. • * • •

• • •H. ••

;ES • ;_s

0INTOt L

• 4INTO• :'--_cl

DETERMINE tf ; FIRING TIME OF FIP.3T

RETRO WHICH FIRED AND tL = FIRING

TIME OF LAST RETRO WHICH FIRED.

•*oi.*I•iomiu•*

: . -. :.............: ...
L.A: h INToh, : ,-_ INTo_ C_:

.• • •
° °*•: ............. : .. .

• ••,H*W•_H•* •

:X .................

• • ••°°°..*••m•°.•

" •YE_ :A6ft I -tF+ _tD:

i GT 1
. • " .............. X_A4= K.A 6 "

O

• "A5= A4/2

" • _9 * H••

..........x:_2 :
•H

• • • s CbRNM :••s.*••**•.*..
• -YES

• TYPE OF COMPUTE:

FIRING • ............................................... X:

• INDICATOR • 0 •

• • : B VxT -

_o
(KI) (T) (g}(22) (cos c)

w c - 2 Wf

i
:.............: •..............
• 2'S COMPL. * A 1 =Bsln_
el (NDN-NOM INAL*

• INPUT TRBLEI• •
• INTO XR3 * A 2 : B cos3

A 3 = 0

°

• • • CbRNR

• • •YES *••e : B 6 = 22
n R = 0 • •_ C2••

I

• • :!_- _ A,:_2K_

• " _O A 5 = ½ (22) ( K 1)

: FLOAT n R + * : B2 = (A2) (As)

• _ INTO tf • •

B 3 = 0

• I INtO i

Ii1111111111111

0 INTC) Az, Ay

0 INTO W x, Wy, W z

• YES ***,

• O_ • -t I = 0 •X A_ •

• •. • s ••H

• • HH•

:.?_ ...... x: ,_ •
•_gts

,*'* : t,n Y -
• nT* x•- - _ cosy

"_.'"_:% =%'_o'%1

*AB-X

• *YES ••-

t, _ o * .1 _o:

• NO

x

" " *YEs :*" ........... : .,.

tI LT t[ " • .............. X: t I INTO If :...l "O:

• . .." ... i............. i .-.
• .!o ....... : .o:

CNRON

:'•• •% :%'_o; I%1=vr o
:C8 ..X** 2 _ --- O=v0A4c°sY+B2

• •• ,v o = Vo.'_o; _v0l = _Vo 2

: .... _"_o ' ;o : ..-
: .... _ _--_-_...: o,.

:cosy 1 - .tn2y_ *'"

,,,s,,,,,,,,•s,

• COMPUTI£ • ,,•,

: sanO._o.O:..._ ,_'.

)g0



:A0".. X: _ - t| - t i + _D/2

:..* :w x = _+ wx
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_i = cos_ VxT-sin E VzT

**•• A 1 = sin]3 V×T + cos_ VzT

_B0_°'XA 2 = cos @C_l, + sin @ VyT

A 3 = sin @ c_I + cos @ VyT

*•* R r - Rotan T

,D:_..X_D I = ro

••HHi**HH••

***•*•••*•*•••*

@i + e, z = sin (@i + e)

y =cos (0 i + e), A z = A z + z
•*••*•••t••*••*

CbRON

_2 = cos _ RxT - sin B RzT •***

B 1 = sin _ RxT + cos _ RzT ..._ C8"•

B 2 = cos @a 2 + sin @ RyT *****3g0*

B 3 = sin @_2 + cos @ RyT

......... •_...
D2 = A4 + V cos T

B 3

re•D3 = h_ ••

: Ay =Ay+y :

: Wy=_y+Wy i

• W z = a z + W z •

A
C6RND

• *NO *-*

• co •*•

• • _ES

COMPUTE:

n R

= Wc- T Wf

mn r g

T c = Tc/mnr

COMPUTE:

N R

w c - _-- W.

_n R = g

T c = Tc/mnR

T 8 = Ts/mnR

VyT = (Ay)(Ts)

VxT = (BB)(Tc)

".

VzT = (Az)(Ts)

RxT = (Wx)(Tc)(K1)

RyT = (Wy)(Ts)(K1) •aoo

RzT (W z) (T)(K )...X 80_
s 1 ***

sin ¢, cos¢, sin_, cos_

C6RNR

.. : ............. : ....... : ............. : ...
:B2:..x: i*t INrU I * • * * • • _ I rHR_ _,l• • *• *..X Db * •C2 ..X_IN_O O*t THRU••..X D7"

• • • • "39G" • • " 6,2 • • •

CbRER

• .. : ............. : ...
_C3*..X_ RESTORE XRA.* *RR_*I I_T9 •*..X DS_

:.•. : x_ : •....

• •• • Q = sin 0 •
:_J..x: e ' :

•
:..• :?_:.... _..... !

.

• - A&

v

• _ (A4) (A 5)

•YES

• II = 0

• NO

C6RTQ

: L 1 = AI+ F 1 : :Vo=A2+ FIQ2:

: L2 = BI + F2 : _Vf = A 1 + F 1 Q1 :

V: : A2QI+ L1Q; ...............

Vr = L1 Q1 - A2 Q2 _RO= B2+F2 Q2

Re= B2 QI + L2 Q2 _R r = BI+ F 2 Q1 i

Rr = L2 QI - B2 Q2 •***e•e_.•*.*_

V R - V 0 tan_ *C = 1 + V0--_os7.... x D0*
C I r0 ................ X: 2 • . •

A3 : •••

:............. : : Ca=- _-

:} : DI }0 + D2 V0:

*+ D3h 0 •

• INTO 1.2

THRU 3.2

i ............. :

e•*•**•.•*•*.••

+ C a h 0

THRU 6,2

: t=tl+A 6 :

• INTO 0,2 •

• D7...X. RESIORE XR_

• - : ............. :

... : ............. •:
eD8•..X_ RESI3RE XR'S•

• 1, 2, 3, 5, b*

• EXIT

• TO 5_A *
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43. CTSFT3 - COMPUTATION OF TIME STEP FOR TYPE 3

INTEGRATION,

GIVEN A t, r, v, THIS PROGRAM COMPUTES THE TIME STEP,

h, TO BE USED IN TYPE 3 INTEGRATION FOR THE LAUNCH IMPACT
PREDICTORS CIMPRK AND CBIPRE. IT IS ALSO USED BY ABORT

PROGRAM CHABRT. (SEE FLOWCHART.)

INPUT

A)

B)

C)

A SEVEN-LOCATION TABLE CONTAINING T IN FLOATING

POINT SECONDS AND THE COMPONENTS OF r AND vIN

FLOATING POINT GEMINI UNITS IS INPUT TO THE

PROGRAM.

SUBROUTINE BOSCER AND LIBRARY SUBROUTINES U3VMAG

AND UISQRT ARE USED.

CONSTANTS -

KO0.O? DEC .07 FLOATING POINT

SEVEN-HUNDREDTHS

KO00.2 DEC .2 FLOATING POINT

TWO-TENTHS

K00.95 DEC .95 FLOATING POINT

NINETY-FIVE

HUNDREDTHS

KO01.0 DEC [.0 FLOATING POINT

ONE

KO02.0 DEC 2.0 FLOATING POINT

TWO

KOlO.O DEC 10.0 FLOATING POINT

TEN

K030.O DEC 30.0 FLOATING POINT

THIRTY
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K040.O DEC

KO060. DEC

KO6.E4 DEC

40.0 FLOATING POINT

FORTY

60.D FLOATING POINT

SIXTY

.0028672824 FLOATING POINT

60,000 FEET IN

GEMINI LENGTH

UNITS

OUTPUT

TRKOIH CONTAINS THE TIME STEP, h, AND TRKO2H CON-

TAINS TWICE THE TIME STEP, 2b. ALL OUTPUT IS IN FLOATING

POINT SECONDS.

METHOD

IT IS NECESSARY TO TAKE INTO ACCOUNT THE GENERAL

''SHAPE'' (ECCENTRICITY) OF THE TRAJECTORY IN COMPUTING A

TIME STEP FOR THE SUCCESFUL EXECUTION OF NUMERICAL INTE-

GRATION. AT TIMES WHEN THE ECCENTRICITY IS CLOSE TO 1.0,

THE TRAJECTORY APPROACHES A PARABOLA, AND A SMALL TIME

STEP IS NEEDED TO GET AROUND THE BEND (VERTEX) OF THE

TRAJECTORY. HOWEVER, WHEN THE ECCENTRICITY APPROACHES

ZERO AND THE TRAJECTORY IS NEARLY CIRCULAR, IT IS POS-

SIBLE TO USE A LARGER TIME STEP.

TYPE 3 INTEGRATION AS USED IN CIMPRK AND CBIPRE RE-

QUIRES THAT THREE VECTORS BELOW A CRITERION HEIGHT {CUR-

RENTLY 400,000 FEET) BE COMPUTED IF THE TRAJECTORY DE-

CENDS BELOW THIS HEIGHT. IF TOO LARGE A TIME SIEP IS

CHOSEN FOR A TRAJECTORY HAVING A FAIRLY LARGE ECCENTRICI-

TY, THESE THREE VECTORS BELOW THE CRITERION HEIGHT COULD

EXTEND FAR DOWN INTO THE ATMOSPHERE RESULTING IN POOR

ACCURACY. THUS, ANOTHER CONSTRAINT IS PUT ON THE CHOICE
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OF TIME STEPS.

FIRST, A CHECK IS MADE ON THE HEIGHT H, OF THE

VECTOR WITH WHICH IHE PROGRAM IS ENTERED. IF THIS HEIGHT

(H= Irl-Rel IS LESS THAN OR EQUAL IU 60,000 FEET, A TWO-

SECOND TIME STEP IS CHOSEN AND AN EXIT IS MADE FROM THE

PROGRAM.

FOR THOSE VECTORS WHOSE HEIGHTS ARE ABOVE 60)000

FEET, THE ECCENTRICITY OF THE TRAJECTORY IS COMPUTED

USING THE FOLLOWING FORMULA -

___ (r " v)2 +(I-I _ I Iv12) 2
e = _2

THE TIME STEP h IS CHOSEN AS FOLLOWS - IF

e > ,95, h = 10 seeonds

.95 >e > .2, h = 30 seconds

.2 > e _> .07, h = 40 seconds

.07 > e, h = 60 seconds

USAGE

A)

B)

C}

CALLING SEQUENCE -

TSX CTSFT3,4

PZE L{INPUT),,**

ERROR RETURN

NORMAL RETURN

STORAGE REQUIRED -

85 LOCATIONS EXLCUDING STORAGE REQUIRED BY

EXTERNAL CONSTANTS AND SUBROUTINES.

TIME REQUIRED |7094 MAXIMUM) -

1.390 MILLISECONDS INCLUDING MAXIMUM TIME

REQUIRED BY ALL SUBROUTINES.
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D) ERROR CONDITIONS -

AN ERROR RETURN IS A RESULT OF AN ERROR FROM A

LIBRARY SUBROUTINE.
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• ENTER

• Or4 •
eeeeo•ei•emeQ••

• *** , (xR + y _ + z _) ,

;co:..x: rNTo F :

"* : ............. :

CTSFT3

• SAVE XRaS 2°S_

• CONPLEMENE. •
• LIINPUTI INTO•
• XR1 •

• fiOSCER _•
• COMPUTE R e

• FIE INTO F

•I••I••HII•iH

2 +F INrO :E_CENTRIC|/Y•

•••••••m•••.•••

• 03VHAG •
• C RPUTE •

* .**_I_._P**_.."

UIS_RT
COHPUTE ••

• ECCENTRICITY •

* • CTSER

• • * •YES *• "';••••*°*••**°*; ••*

• • • • * RESTORE XR4 • * •
• IS THERE AN • ........ *B_e.*ReCIXR4)+] INTO•.,*X A8=

ERROR • * • • XR_ • •
• • •• • * ere

• • eeeeee•lee • •tee

• C TSEE

• • IVES ** •*••*°e••°••°l

• • • U)VRA_ •

• bOoO00 • • INTO

• _o

• CTSER

:* .... *'"****_ • * * *Yes ,**

: SET h-Z SET _ • • IS THERE AN • *_ 8_

2h-_ • • ERROR • * *

• _0

.TSRX

.. : ............. : : ............. :
:AT:..X: RESTORE XR' : :I-AH 2 INTO C :

"..* : : : •

• •••***•••••••* *• . . : ............ :
:AB:ooX:RESTORE OTHER: • CeL INTO 0 :

• • * XRS •

• . : ............. : : ............. :

• • CTSER

• • ••YE$ •'•

• I S THERE AM • •_( 84:

ERROR • * •
• If*

;
• _1S_3 _ISRX

• •••••••••*H* •
• * IN0 * • •H

• E_CENTRICIr¥ • • .............. =_ SET h-I3 SEI .... _ A7:

• • LT°95 • _ Zh'Z3 _ l,•••

• ••••l•l•H•••**

• • _'ES

;
• CTS3_ _. T ._R X

• ECCENTRICitY • • .............. X: SEt h-)O S_r;..._ R7 _"
LT.ZJ • 2h,0_ • • *

• *••• :***,•• ...... ."
• • ;ES

°

CTS_O rTSRX
• eel• • •••••oee • •

• • •NO _ • e*l

• ECCENTRICITY " * .............. X" SET h'_Q SEI:..o_ RI:
k r.,_ ? • Zh .SO * •

• • o * : ............. • ...
i

;ES

CTSRX
• ,•*••••,l, •ee•

: SET h=63 $EI:..*i AT:

• Zh'12J • • •

: EXIT : : u• INTOE : ;CO:
• TO 3,4 • • • • •
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44. CbPTLU - LAUNCH PROGRAM FOR FOUR POINT LAGRANGIAN

INTERPOLATION OF TIME

GIVEN A HEIGHT FOR WHICH THE ASSOCIATED TIME IS

DESIRED, THIS PROGRAM USES THE VALUES IN THE LAUNCH

NUMERICAL INTEGRATION HEIGHT TABLE TO DETERMINE THE

REQUIRED TIME AND PLACES IT IN THE OUTPUT CELL SPECIFIED.

(SEE FLOWCHART)

INPUT

A) TABLES

TCRKOH

TCRKOH

+1

+2

*3

*4

TCRKIH

TRKOIH

B) CONTAINS -

KO01.O

KM03.0

THE LAUNCH NUMERICAL INTEGRATION

HEIGHT TABLE ARRANGED AS FOLLOWS -

tSTART- THE TIME ASSOCIATED WITH THE

FIRST HEIGHT IN THE TABLE IN GMT

FLOATING POINT SECONDS

tSTOP - THE TIME ASSOCIATED WITH THE

LAST HEIGHT IN THE TABLE IN GMT

FLOATING POINT SECONDS

H 1

H2

H3t ETC. - WHERE H I IS THE GEODEIIC

HEIGHT OF THE SPACECRAFT IN FLOATING

POINT GEMINI LENGTH UNITS

PZE TCRKOH+6

INTERVAL BETWEEN HEIGHT ENTRIES IN

TCRKOH IN FLOATING POINT SECONDS

DEC 1.0 FLOATING POINT ONE

DEC -3.0 FLOATING POINT MINUS THREE
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C)

KCH23B OCT 2330000G0000

CHARACTERISTIC OF 233 OCTAL

UPON ENTRY TO C6PTLU, THE AC MUST CONTAIN THE

HEIGHT FOR WHICH THE ASSOCIATED TIME IS DESIREO

IN FLOATING POINT GEMINI LENGTH UNITS.

OUTPUT

A) TABLE

TC6PTD A ONE-CELL TABLE CONTAINING THE TIME

ASSOCIATED WITH THE GIVEN HEIGHT

IN GMT FLOATING POINT SECONDS

METHOD

LAGRANGE'S INTERPOLATION FORMULA FOR UNEQUAL INTERVALS

THE LAUNCH NUMERICAL INTEGRATIUN HEIGHT TABLE,

TCRKDH, IS BASED ON TIME. THE HEIGHTS ARE ENTERED AT

EQUAL TIME INTERVALS. HOWEVER, THE DISTANCE IN GEMINI

LENGTH UNITS BETWEEN ANY TWO CONSECUTIVE HEIGHTS IS NOT

CONSTANT. SINCE, TO INTERPOLATE FOR TIME, THE TABULATED

VALUES OF THE HEIGHTS MUST BE USED, IT IS NECESSARY TO

APPLY LAGRANGE'S INTERPOLATION FORMULA FOR UNEQUAL

INTERVALS OF THE INDEPENDENT VARIABLE. THE FORMULA

PASSES AN n th DEGREE POLYNOMIAL THROUGH (N+I) CONSECUTIVE

TABULATED POINTS. IT MAY BE WRITTEN AS FOLLOWS -

(X-X 1) (X-X 2) ... (X-X n) f(Xo ) + (X-Xo) (X-X 2) ... (X-X n)
f(X) = (Xo_XI) (Xo_X2) ... (Xo-Xn) (XI_Xo) (Xi_X2),,, (Xl_Xn) f(Xl)

(X-X O) (X-X 1) . . . (X-Xn_ i)

+ . . . 4 (Xn_Xo)(Xn_Xl) . . . (Xn_Xn_l) f (Xn)
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WHERE

X IS THE GIVEN VALUE OF THE INDEPENDENT VARIABLE FOR

WHICH THE ASSOCIATED DEPENDENT VARIABLE IS BEING

INTERPOLATED.

X. ARE THE TABULAR VALUES OF THE INDEPENDENT
I

VARIABLE.

F(X i) ARE THE ASSOCIATED TABULAR VALUES OF THE

DEPENDENT VARIABLE.

F (X) IS THE FINAL INTER.O_EATED DEPENDENT VARIABLE.

APPLICATION OF THE INTERPOLATION FORMULA IN C6PTLU

IN C6PTLU, THE ATTEMPT IS MADE TO PASS A 3RD DEGREE

POLYNOMIAL THROUGH THE LAST FOUR POINTS IN THE TABLE.

THUS, THE FOLLOWING REVISION IN DEFINITIONS APPLIES TO

THE VARIABLES -

X=Hd, THE DESIRED HEIGHT

Xi=Hi, THE HEIGHTS ENTERED IN THE TCRKOH TABLE

F(Xi) =ti, THE TIMES ASSOCIATED WITH THE HEIGHTS IN

THE TCRKOH TABLE n = 3, THE ORDER OF THE POLYNOMIAL

BEING USED

i VARIES FROM I TO 4

DETAILS OF METHOD OF C6PTLU

AS SOON AS C6PTLU RECEIVES CONTROL, IT SAVES THE

DESIRED HEIGHT, Hd , IN INTERNAL STORAGE. THEN, USING THE

TIME ASSOCIATED WITH THE LAST HEIGHTS IN THE TCRKOH

TABLE, C6PTLU DETERMINES THE TIME OF THE FIRST HEIGHT TO

BE USED IN THE INTERPOLATION AS FOLLOWS -

tl=tstop- 3h WHERE h IS THE TIME INTERVAL BETWEEN
ENTRIES IN THE TABLE.

HAVING COMPUTED THIS TIME, IT IS POSSIBLE TO DETER-

MINE HOW MANY HEIGHTS PRECEDE THE FIRST HEIGHT TO BE

USED -
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N = THE INTEGRAL PORTION, IN FIXED POINT, OF (t 1 -tstart)/h

THE PRESUMPTIVE ADDRESS {I.E.t THE ADDRESS OF THE

LOCATION FOLLOWING THE LAST HEIGHT IN THE TABLE) IS

COMPUTED USING N -

P.A, = TCRKOH ÷ 6 + N

C6PTLU THEN DETERMINES WHETHER THE DESIRED HEIGHT

FALLS WITHIN THE RANGE OF THE FIRST AND SECOND HEIGHTS TO

BE USED. IF THE DESIRED HEIGHT IS GREATER THAN THE FIRST

HEIGHT TO BE USED OR LESS THAN THE SECOND HEIGHT TO BE

USEDt THE PROGRAM EXITS VIA THE ERROR RETURN. IF THE

DESIRED HEIGHT IS EQUAL TO THE FIRST OR SECOND HEIGHT,

THE TIME ASSOCIATED WITH THIS HEIGHT IS COMPUTEO -

Hd = Hl, thent I already computed

Hd=H2,thent 2 =tl+h

THIS TIME IS THEN STORED AS THE TIME ASSOCIATED WITH

THE DESIRED HEIGHT IN TC6PTD AND C6PTLU EXITS VIA THE

NORMAL RETURN.

IF NEITHER OF THE ABOVE CASES HOLDS, THE FOLLOWING

COMPUTATIONS ARE MADE -

A) Pl = (Hd - H1)(Hd-H2)(Hd-H3)(Hd-H4)

B) FOR EACH H. (i VARYING FROM I TO 4) -
I

C) SINCE (Hi - Hi = O, THIS TERM MUST BE EXCLUDED

FROM P2" THE CORRESPONDING TERM_ (Hd-Hi) , MUST

BE EXCLUDED, THEREFORE, FROM Pl " -

D) THE TIME ASSOCIATED WITH H i IS OBTAINED -
t.=t.+(i-1) h
1 1

E) TO OBTAIN THE LATEST ESTIMATE OF THE DESIRED

TIME - td
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td new =td old+(P3/P2) (ti)

AFTER STEPS B) THROUGH E) HAVE BEEN COMPLEIED FOR

EACH HEIGHT USED IN THE INTERPOLATION PROCESS, THE FINAL

TIME OBTAINED IS STORED AS THE TIME ASSOCIATED WITH THE

DESIRED HEIGHT AND C6PTLU EXITS VIA THE NORMAL RETURN.

USAGE

CALLING SEQUENCE -

C{AC) = H d

TSX C6PTLU,4

ERROR RETURN

NORMAL RETURN

B) AN ERROR RETURN IMPLIES THAI THE DESIRED HEIGHT

FELL OUTSIDE THE RANGE OF THE FIRST AND SECOND

HEIGHTS TO BE USED IN THE INTERPOLATION PROCESS.

C) STORAGE REQUIRED - 84 LOCATIONS

D) TIMING |7094) - .164 MILLISECONDSt MINIMUM

1.264 MILLISECONDS, MAXIMUM
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E.TER !.c.6.:...u.........

• SAVE HGT. Hd •

• INIT. 0UTPUTe
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45. C6PTLI - LAUNCH PROGRAM FOR SIX POINT INTERPOLATION

OF POSITION AND VELOCITY VECTORS

GIVEN A TIME AT WHICH THE INTERPOLATED POSITION AND

VELOCITY VECTORS ARE DESIRED, C6PTLI USES THE VALUES IN

THE NUMERICAL INTEGRATION VECTOR TABLE TO DETERMINE THE

REQUIRED VECTORS AND PLACES THEM IN THE SPECIFIED OUTPUT

TABLE. (SEE FLOWCHART.}

C6PTLI IS AN ADAPTATION OF THE LIBRARY SUBROUTINE,

U7INTP.

INPUT

A) CONSTANTS -

KO0000 DEC 0

KO0006 DEC 6

K00038 DEC 38

KCH233

B)

KO02.0

TABLES

L{r,v, TABLE)

FIXED POINT ZERO

FIXED POINT SIX

FIXED POINT THIRTY-

EIGHT

OCT 233000000000

CHARACTERISTIC OF

233 OCTAL

DEC 2.0 FLOATING POINT TWO

THE ADDRESS OF THE NUMERICAL IN-

TEGRATION TABLE OF POSITION AND

VELOCITY VECTORS ARRANGED AS

FOLLOWS - Tstar t , Tstop , x,y,z,

_,_,_, x,y,z, x,y,z, etc., WHERE

t IS THE TIME ASSOCIATED
start

WIT_ THE FIRST POSITION, VE-

LOCITY VECTOR ENTRIES IN THE

TABLE AND IS IN GMT FLOATING
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L (hn)

L (td)

POINT SECONDS.

tstop IS THE TIME ASSOCIATED

WITH THE LAST POSITION, VE-

LOCITY VECTOR ENTRIES IN THE

TABLE AND IS IN GMT FLOATING

POINT SECONDS

x,y,z, x,y,z, ARE THE COMPONENTS

OF THE POSITION AND VELOCITY

VECTORS IN THE TABLE IN

FLOATING POINT GEMINI UNITS

A ONE-LOCATION TABLE CONTAINING

THE TIME INTERVAL BETWEEN POSI-

TION, VELOCITY VECTOR ENTRIES IN

THE TABLE IN FLOATING POINT SEC-

ONDS.

A ONE-LOCATION TABLE CONTAINING

THE TIME AT WHICH THE INTERPO-

LATED VECTORS ARE DESIRED IN GMT

FLOATING POINT SECONDS.

OUTPUT

A) TABLE

L(OUTPUT) THE ADDRESS OF A SEVEN-LOCATION

TABLE ARRANGED AS FOLLOWS -

LIOUTPUT) td DESIRED TIME IN

GMT FLOATING

POINT SECONDS

+I x

+2 y

+B z

POSITION VECTOR

IN FLOATING POINT

GEMINI LENGTH

UNITS
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METHOD

A)

+4

*5

+6

VELOCITY VECTOR

IN FLOATING POINT

GEMII_I VELOCITY

UNITS

LAGRANGE'S INTERPOLATION FORMULA FOR EQUAL IN-

TERVALS

THE POSITION AND THE VELOCITY VECTOR ENTRIES

OF THE NUMERICAL INTEGRATION VECTOR TABLE ARE

MADE AT EQUAL INTERVALS OF TIME. THEREFORE, THE

INTERPOLATION FORMULA FOR EQUAL INTERVALS OF THE

INDEPENDENT VARIABLE MAY BE APPLIED. THE FOR-

MULA FITS AN nth DEGREE POLY,WOMIAL THROUGH In+I)

CONSECUTIVE POINTS. IT MAY BE WRITTEN AS FOL-

LOWS- (NUMERICAL ANALYSIS, KUNZ, MCGRAW-HILL

BOOK COMPANY, INC., NEW YORK, 1957t PP. 91-94.)

f(x) = (((-l)n(u-1)(u-2)... (u-n))/n!)(f(xo)) +

n-1
(((-1) (u)(u-2)... (u-n))/l!(n-1) !)(f(xl)) + ... +

(((u)(u-l) (u-2)... (u-n+l))/n!) (f(Xn))

WHERE f(x) : FINAL INTERPOLATED VALUE

f(xi) = VALUES OF THE (N+I} TABULATED PDINTS

BEING USED

U = DISTANCE OF DESIRED POINT BETWEEN

TABULATED VALUES OF THE DEPENDENT

VARIABLE

n = DEGREE OF POLYNOMIAL BEING FITIED TO

THE DATA
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B) APPLICATION OF THE INTERPOLATION FORMULA IN

COPTLI

IN C6PTLI, THE ATTEMPT IS MADE TO PASS A

DEGREE POLYNOMIAL THROUGH SIX CONSECUTIVE POINTS IN

THE TABLE. THE SIX POINTS MUSI BE EQUALLY DISTRIB-

UTED ABOUT THE DESIRED TIME, td (I.E., THREE POINIS

MUST FALL BEFORE td AND THREE POINTS AFTER td ).

THUS, THE FOLLOWING REVISION IN DEFINITION APPLIES

TO THE VARIABLES-

f(×) BECOMES, IN TURN ×,y, z,_,3;,

fixi) BECOMES IN TURN xi,Yi' zi xi' 3;i'_'"t ' 1

WHERE i VARIES FROM -2 TO +B

n = 5

u = T, THE FRACTIONAL DISTANCE OFt d BETWEEN

TABULATED VALUES IN THE TABLE

THE FOLLOWING ADDITIONAL DEFINITIONS ALSO HOLD -

hn IS THE TIME INTERVAL BETWEEN ENTRIES IN

THE TABLE

Li IS THE LAGRANGIAN COEFFICIENT OF f(xi)

BECAUSE THE INTERVAL BETWEEN ENIRIES IN THE

TABLE IS CONSTANT AND THE NUMBER OF POINTS TO BE

USED IS KNOWN, PARTIAL EVALUATION OF THE L. MAY BE
l

MADE OUTISDE THE PROGRAM. THE RESULTING L. ARE GIVEN
1

BELOW -

L
-2

L_ 1

L o

L+ 1

L+ 2

L+3

=(-III20)((T+I)(T}(T-I)(T-2}(T-3))

= (II24)((T+2)(T)(T-I)(T-2)(T-B))

= (-IlI2)((T+I)(T+Z)(T-I)(T-2){T-B))

= (I/12)((T+I)(T+Z)(T)(T-2)IT-3))

= (-I/24){(T+I)(T+2}(T){T-1)(T-3))

= (I/120)((T+I)(T+2)(T)(T-I)(T-2))
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C) DETAILS OF METHOD OF C6PTLI

AS SOON AS C6PTLI IS GIVEN CONTROL, IT SAVES

INDEX REGISTERS AND PICKS UP THE ADDRESSES OF THE

INPUT AND OUTPUT TABLES TO BE USED, THE INTERVAL

BETWEEN ENTRIES IN THE TABLE, AND THE DESIRED TIME.

IT THEN DETERMINES WHETHER THERE ARE AT

LEAST THREE VECTORS BEFORE AND AFTER td. IF ONE OF

THESE CONDITIONS IS NOT MET,,CbPTLI RETURNS TO THE

CONTROL PROGRAM VIA THE ERROR RETURN. IF BOTH CON-

DITIONS ARE SATISFIED, THE DESIRED TIME, td IS

PLACED IN THE OUTPUT TABLE.

C6PTLI THEN COMPUTES N, THE NUMBER OF VEC-

TORS PRECEDING THE FIRST VECTOR TO BE USED IN THE

INTERPOLATION PROCESS, AND T, THE FRACTIONAL DIS-

TANCE OF td BETWEEN TABULATED VALUES IN THE TABLE, AS

FOLLOWS -

N = INTEGRAL PORTION OF (td- 2hn-tstart)/b n

IN FIXED POINT

T = FRACTIONAL PORTION (t d-2h n -tstart)/h n

IN FLOATING POINT

C6PTLI ALSO COMPUTES THE PRESUMTIVE ADDRESS (I.E.,

THE ADDRESS OF THE X-COMPONENT DF THE VECTOR FOL-

LOWING THE LAST ONE TO BE USED IN THE INTERPOLATION

PROCESS) -

P.A. = L{r,v TABLE) + 38 + 6N

IF T IS ZERO, THE TIME AT WHICH THE INTER-

POLATED VECTORS ARE DESIRED COINCIDES WITH THE TIME

OF ONE OF THE ENTRIES IN THE TABLE. THUS, THE PRO-

CESS OF INTERPOLATION IS REDUCED TO ONE OF EXTRACT-

ING THE CORRECT VECTORS AND PLACING THEM IN THE OUT-
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PUT TABLE. ONCE THIS HAS BEEN DONE_ CAPTLI RESTORES

THE INDEX REGISTERS AND RETURNS TO THE MAIN PROGRAM

VIA THE NORMAL RETURN.

IF T IS NON-ZERO, INTERPOLATION FOR THE DE-

SIRED VECTORS TAKES PLACE. FIRST, THE COMPLETE

FUNCTION, Gt IS COMPUTED -

G = (T÷2)(T+I)(T)(T-L)(T-2)(T-3)

THEN, Li THE COEFFICIENT OF f(×i) IS COMPLETELY EVALU-

ATED -

L = GI(T-iI(K i) WIIERE K IS THE INVERSE OF1 1

THE LEADING COEFFICIENT

OF L.
1

FOR EACH COMPONENT OF THE POSITION AND THE

VELOCITY VECTORS, L i IS MULTIPLIED BY THE CORRECT

TABULAR VALUE AND ADDED TO THE PREVIOUS SUM FOR THAT

COMPONENT. THE FINAL SUM FOR EACH COMPONENT IS

STORED IN THE SECOND THROUGH THE SEVENTH LOCATIONS

OF THE OUTPUT TABLE. CbPTL[ THEN RESTORES INDEX

REGISTERS AND RETUI_S TO THE MAIN PROGRAM VIA THE

NORMAL EXIT.

USAGE

A) CALLING SEQUENCE -

TSX C6PTLI,4

PZE L(r,v TABLED,, L(hn)

PZE L(td) ,, LIOUTPUT)

ERROR RETURN

NORMAL RETURN

B) ERROR CONDITIONS -

AN ERROR RETURN FROM CAPTLI IMPLIES THAT THERE

WERE NOT THREE VECTORS BEFORE AND AFTER THE DESIRED

TIME, t d
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C}

D)

STORAGE REQUIRED -

112 LOCATIONS

TIMING (7094} -

.312 MILLISECONDS_ IF VECTOR AT DESIRED TIME IS

IN TABLE

1.310 MILLISECONDS_ IF VECTOR AT DESIRED TIME

MUST BE INTERPOLATED.
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46. CRADES - LAUNCH PROGRAM TO SELECT RECOVERY AREA

GIVEN THE WESTERNMOST AND THE EASTERNMOST IMPACT

LONGTIUDES THAT CAN BE ACHIEVED_ THIS PROGRAM SELECTS THE

RECOVERY AREA WHICH SHOULD BE USED. IN THE EVENT THAT NO

RECOVERY AREA LIES BETWEEN THE ABOVE LONGITUDESv CRADES

DESIGNATES THE AREA CLOSEST TO ONE OF THE ABOVE AND SPEC-

IFIES WHICH LONGITUDE OF IMPACT SHOULD BE USED. (SEE

FLOWCHART.)

INPUT

A) TABLES

L(INPUT)

TCRCAL

TCRCAL

+L

+2

+3

÷4

45

+6

+7

+8

TCRCAD

THE ADDRESS OF A FOUR-LOCATION TABLE

CONTAINING LATITUDE OF MINIMUM IM-

PACTt LONGITUDE OF MINIMUM IMPACTt

LATITUDE OF MAXIMUM IMPA_T, AND LON-

GITUDE OF MAXIMUM IMPACT IN THAT OR-

DER IN FLOATING POINT RADIANSo

A NINE-LOATION TABLE CONTAINING THE

LONGITUDE OF THE RECOVERY AREAS AND

ARRANGED AS FOLLOWS -

DEC O.O

LONGITUDE OF RECOVERY AREA A

LONGITUDE OF RECOVERY AREA B

LONGITUDE OF RECOVERY AREA C

LONGITUDE OF RECOVERY AREA D

LONGITUDE OF RECOVERY AREA E

LONGITUDE OF RECOVERY AREA F

LONGITUDE OF RECOVERY AREA IA

DEC 50.0

A SEVEN-LOCATION TABLE CONTAINING
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B}

OUTPUT

A)

TCRCAD

÷I

+2

+3

e4

+5

÷6

CONSTANTS -

KMOOO0

KMO00I

KO)HPI

KKK2PI

THE OCTAL CODES OF THE RECOVERY

AREAS AND ARRANGED AS FOLLOWS -

CODE OF RECOVERY AREA A

CODE OF RECOVERY AREA B

CODE OF RECOVERY AREA C

CODE OF RECOVERY AREA D

CODE OF RECOVERY AREA E

CODE OF RECOVERY AREA F

CODE OF RECOVERY AREA IA

DEC -0

DEC -I

FIXED POINT MINUS ZERO

FIXED POINT MINUS ONE

FLOATING POINT 3/2_

RADIANS

FLOATING POINT 2_ RADIANS

TABLE

L(OUTPUT) A THREE-LOCATION TABLE ARRANGED AS

FOLLOWS -

L(OUTPUT) CODE OF SELECTED RECOVERY AREA

÷I

"2

IN OCTAL

LONGITUDE OF SELECTED RECOVERY

AREA IN FLOATING POINT RADIANS

RECOVERY AREA INDICATOR IN FIXED

POINT WHICH MAY HAVE ONE OF THE

FOLLOWING VALUES -

÷0 SELECTED AREA LIES BETWEEN

LONGITUDES OF MAXIMUM AND

MINIMUM DELAY IMPACT

-0 SELECTED AREA DOES NOT LIE

BETWEEN LONGITUDES OF MINI-
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-1

MUM AND MAXIMUM DELAY IM-

PACT, BUT IS CLOSEST TO

LONGITUDE OF MINIMUM DELAY

IMPACT

SELECTED AREA DOES NOT LIE

BETWEEN LONGITUDES OF MINI-

MUM AND MAXIMUM DELAY IM-

PACT, BUT IS CLOSEST TO

LONGITUDE OF MAXIMUM DELAY

IMPACT

METHOD

CRADES DETERMINES WHICH RECOVERY AREAS LIE BETWEEN

THE LONGITUDE ASSOCIATED WITH RETROFIRE AT MINIMUM DELAY

AND THE LONGITUDE ASSOCIATED WITH RETROFIRE AT MAXIMUM

DELAY. THESE TWO LONGITUDES FORM A BRACKET FROM WHICH

THE REQUIRED INFORMATION IS DETERMINED. NORMALLY, THE

SELECTED RECOVERY AREA WILL BE THAT AREA INCLUDED IN THE

BRACKET AND COSEST TO THE MAXIMUM DELAY RETROFIRE IMPACT

POINTS. ITS LONGITUDE AND CODE ARE READILY AVAILABLE

FROM THE TCRCAL AND TCRCAD TABLES, RESPECTIVELY, AND THE

RECOVERY AREA INDICATOR WILL BE SET TO ÷0.

IF THE EASTERN-MOST ATLANTIC OCEAN RECOVERY AREA (I.

E.,AREA D) IS INCLUDED IN THE BRACKET, IT IS SELCTED EVEN

THOUGH IT MAY NOT BE THE INCLUDED AREA CLOSEST TO MAXIMUM

DELAY IMPACT. IN THIS WAY, LANDING IN CONTINENTAL AFRICA

(AREAS E AND F) IS AVOIDED WHENEVER POSSIBLE.

IF THERE ARE NO AREAS INCLUDED IN THE BRACKET, THE

SELCTION OF THE RECOVERY AREA IS BASED ON ITS DISTANCE

FROM THE CLOSEST END OF THE BRACKET. THAT IS, EITHER THE

RECOVERY AREA IMMEDIATELY WEST DF THE MINIMUM DELAY IM-

PACT POINT OR THE RECOVERY AREA IMMEDIATELY EAST OF THE
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MAXIMUM DELAY IMPACT POINT WILL BE SELECTED DEPENDING

UPON WHICH OF THESE AREAS IS CLOSEST TO ITS RESPECTIVE

END OF THE BRACKET. THE RECOVERY AREA INDICATOR WILL BE

SET ACCORDINGLY.

USAGE

A)

B!

C)

CALLING SEQUENCE -

TSX CRADES_4

PZE L|INPUT),_L(DUTPUT)

RETURN

STORAGE REQUIRED -

85 LOCATIONS (EXCLUDING TABLES)

TIMING (7094) -

.254 MILLISECONDS_ MAXIMUM
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etoto*ie*It•***
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* * * *NO ******'*******_ •**

_ ................ :* J',Z l,'ro ) •:..._• ::):•
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• eYES

DOES i=J • .......................

* ° . I

** _40
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o

• Xrmu( GT •NO

• * 3/2 lr * •

• _ES
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•

• X ......... . ..................... :
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• *

: 0 INTO [ ***** ......................

: ............. :

: ............. : : ............. :

_ _,0. RA , : *SNO, eat_ 1, •ELECT t t : : SELECT At_ I :

*e**•*•eX***e*e.

:". : • : ............. :
• CA ..Re _NDICA[0R|NTO R.A*** •- 0 I_IT3 R*R._

• INOICRTOR *:... :
.............. o : ............ :

:

:x ............................... :
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ee•-. • • *NO

•*C5** • XHI •* * .......................

• .• • LT 2 • .

• * *_ES

;
: ............. : : ............. :
. A imTo : : x|-2. :

: A, ..:eeee•_geo•••wee e

• X ........ * .................... ,*.*

CRAEX i

: RESTOREX_'S:
• L•Z •

** :*'****'**'***: * * • *NO ***

:A*:..R: ,., INTO, : ............... X" X',.OT_, *.;,,:
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**oee_eeeee•oee • •

* _ES

: EXIT :
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• • *
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:AO•• • _P'A d * * - • • • • • • SHOWRA
• .............. Xe SELECT _ •.*.X C6 • •C0 ..X • . j

• to BRACKETED • J-I • •616• • • • SELECT _j •

• • eeslele6ttee••o ltetelotittltit

• • _ES

GRASC

: ............. : .... : : :"**
• s,ow _d :...; c4"- : -I ,.ToR.A
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47. CgTDRF - RETROFIRE TIME CORRECTION

THIS PROGRAM COMPUTES THE CORRECTION TO THE ESTI-

MATED TIME FOR FIRING RETROROCKETS TO LAND IN A DESIG-

NATED RECOVERY AREA. (SEE FLOWCHART.)

INPUT

A)

B)

C)

CALLING SEQUENCE REQUIREMENTS -

L(INPUT) - ADDRESS OF A SIX-LOCATION TABLE CON-

TAINING THE COMPONENTS DF _ AND V IN FLOATING

POINT GEMINI UNITS (USED ON FIRST ITERATION

ONLY)

L(k c) - ADDRESS OF A CELL CONTAINING THE COM-

PUTED LONGITUDE OF IMPACT IN FLOATING POINT RA-

DIANS (0 < X < 2_)

L (kSEL) - ADDRESS OF A CELL CONTAINING THE LON-

GITUDE OF THE SELECTED RECOVERY AREA IN FLOATING

POINT RADIANS

CONSTANTS -

ROO.PI FLOATING POINT VALUE DF _(Pi)

KKK2PI FLOATING POINT VALUE OF 2_ (2Pi)

KoOMEG FLOATING POINT ROTATION OF THE EARTH

IN RADIANS/GEMINI TIME UNIT

KOO,UT GEMINI TIME UNIT IN FLOATING POINT

SECONDS

K.SSGU ONE-HALF SECOND IN FLOATING POINT

GEMINI TIME UNITS

TABLES (NOT USED ON FIRST ITERATION) -

TCDTCP TIME CORRECTION OF THE LAST PREVIOUS

ITERATION IN FLOATING POINT GEMINI

TIME UNITS
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TCLACP COMPUTED LONGITUDE OF IMPACT OF THE

LAST PREVIOUS ITERATION IN FLOATING

POINT RADIANS

OUTPUT

A ONE-LOCATION TABLE CONTAINING THE TIME CORRECTION

IN FLOATING POINT SECONDS IS OUTPUT FROM THE PROGRAM.

(THIS CORRESPONDS TO THE TIME WHICH IS STORED IN TCDTCP

FOR USE IN THE NEXT ITERATION.)

METHOD

C9TDRF FIRST COMPUTES THE DIFFERENCE (_)BEIWEEN THE

LONGITUDE OF THE SELECTED RECOVERY AREA _'SEL AND THE COM-

PUTED LONGITUDE OF IMPACT (Lo) IF THIS IAP_I>_rIT IS NECES-

SARY THAT IT BE SCALED BY 2_r IN ORDER TO KEEP THE FINAL

TIME CORRECTION UNDER THE TIME TO COMPLETE ONE-HALF OR-

BIT. IN PRACTICE, THIS MOST OFTEN OCCURS WHEN_,sE L ANDS, o

BRACKET THE DISCONTINUITY IN LONGITUDE AT 360 DEGREES.

IF THE ENTRY IN CqTDRF IS A FIRST ITERATION, AN

APPROXIMATION OF THE EASTWARD VELOCITY OF THE SPACECRAFT

IS COMPUTED USING

XY - YX
CO -

Z X 2 +y2

|A DERIVATION OF W IS GIVEN LATER IN THIS SECTION.)

IT IS NECESSARY TO COMPUTE THE EASTWARD COMPONENT BECAUSE

IN THE INTERPOLATION PROGRAM ONLY LONGITUDE IS CON-

SIDERED. A CHANGE IN LONGITUDE IS AFFECTED BY THE EAST-

WARD COMPONENT OF THE VELOCITY. SUBRTACTING THE VELOCITY

DUE OF THE ROTATION OF THE EARTH w AND USING IHE FORMULA
e

''DISTANCE EQUALS THE RATE TIMES THE TIME, e° THE COR-

RECTION At EQUALS AX/(w z - We).
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IF THIS ENTRY IS NOT A FIRST ITERATION, THE DIFFER-

ENCE BETWEEN _ AND THE PREVIOUSLY COMPUTED Lo(Xop) IS COM-

PUTED. THIS DIFFERENCE IS A_P THEN IF

(1) At > O, andif
P

a) > o,
P

b) AL < 0,
P

(2) Atp < 0, andff

a) > o,
P

b)

is not scaled
P

A kp is scaled by 2 _r

_p is scaled by -2

_p < 0, Akp is not scaled

THIS SCALING IS NECESSARY SO THAT THE INTERPOLATION

FORMULA FOR THE COMPUTING A TIME CORRECTION CAN PRODUCE

A CONVERGENT At. IF he AND hop BRACKET THE DISCONTINUITY IN
O

LONGITUDE AT 360 , At WILL NOT CONVERGE WHEN A_ AND Ahp

HAVE OPPOSITE SIGNS.

FINALLY, THE NEW TIME CORRECTION CAN BE COMPUTED

USING THE LINEAR INTERPOLATION FORMULA -

WHETHER A FIRST ITERATION OR NOT, IF At IS LESS THAN

.5 SECOND, IT IS SET TO ZERO AND AN EXIT IS MADE FROM THE

PROGRAM. IF AtIS EQUAL TO OR GREATER THAN .5 SECOND, At

BECOMES At (STORED IN TCDTCP) AND X BECOMES Z (STORED
p c op

IN RCLACP). THE TIME CORRECTION IN SECONDS IS STORED AND

AN EXIT IS MADE FROM THE PROGRAM.
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USAGE

A)

B)

C)

CALLING SEQUENCE -

TSX CgTDRFt4

G L(INPUT),,L(OUTPUT)

PZE L (_c) , , L (XSEL)

NORMAL RETURN

G = PZE INDICATES AN INITIAL REFINEMENT.

G = MZE INDICATES A SUCCESSIVE REFIENMENT.

STORAGE REQUIRED - 70 DECIMAL LOCATIONS EXLUDING

THAT REQUIRED BY EXTERNAL CONSTANTS AND TABLES.

TIME REQUIRED (7094 MAXIMUM) -

0.288 MILLISECOND FOR AN INITIAL REFINEMENT

0.212 MILLISECOND FOR ANY OTHER REFINEMENT

4Zl



: entER :
• 0,4

*****eeI*IHH*

VOL ||[ REAL TIME PROCESSORS PART | - LAUNCHIRHOR[

C9IDT

., :.............:

** •
****HO_t*eOiH

CgTDRF
*****o,**..Ho.

XRI ANO*SAVE

RR2

.." . :..............
** • ILXtl *YES
*Ctox * .............. X** 0 INTO 3,Z **...........

o

_tHieHH*****

: At INTO _tp : ..........................

:..,.......,..:

CqTOM

• * cgTSL * *

• *YES *NO

• ;,o " ;Es

CgTA_CgIRS CgT_S

°_e_ oL|_ |_ •

• _°°_° _R_ _ _ _ |_TO_°°_ _A_

CgTF [

• • ,y_ :.............:
• XY - YK *

• _s _.... " ...............x: _z__:

NO

=CONVERt At TU-

: _._ :

_9TRX

*HHH**e*HH

_X .................

A
H°*H***HHH

RESIDRE XR|
AND XR2 :

:.............:

: .....;;;;...... :

• • • . C910T

• * Atp LT 0 : * .......... ..X A_,p LT 0 ** *_. CO:.

• NO * •NO*

C9TPT * * C9TOT C,9TDT

• *NO * AA -2_" * ***

• " ""'" : P : 1 "
• RAp LT 0 * *X* CO* * * INTO A_, ..... CO_

C9T[}T

............... ...
• AAp * 2_ . .

• ...x CO:

• IN'IX) A_, • •

tllle_letleeeel

_22



VOL III REAL TIME PROCESSORS PART I - LAUNCH/ABORT

48. CGFTCI - COMPUTATION OF IMPACTt GIVEN THE TIME TO

FIRE RETROROCKETS

GIVEN THE TIME, t4 AT WHICH TO FIRE THE RETROROCKETS,

THIS PROGRAM COMPUTES THE LATITUDE AND LONGITUDE OF IM-

PACT. IT IS A SUBROUTINE OF THE AVERAGE VECTORS PROGRAM

CFCFAV. (SEE FLOWCHART.)

INPUT

A)

B)

C)

O)

A ONE-LOCATION TABLE CONTAINING THE TIME AT

WHICH RETROFIRE WILL OCCURE IN FLOATING POINT

SECONDS AND A ONE-LOCATION TABLE CONTAINING THE

BANK ANGLE IN FLOATING POINT RADIANS ARE INPUT

TO THE PROGRAM.

SUBROUTINES CAPTLIt C6RETC, AND CORKNI ARE USED.

CONSTANTS -

KO0000 DEC

KO0001 DEC

KO0050 DEC

TABLES -

TCRKOT

TRKOIH

0 ZERO

I FIXED POINT ONE

50 FIXED POINT FIFTY

AN ORBIT TABLE OF T AND _ VECTORS

WHICH IS USED BY CAPTLI TO EXTRACT THE

-r'AND 7VECTOR AT RETROFIRE TIME. THIS

TABLE MUST BE IN THE FORMAT ti,tn,_ 1,
!

TI' ....ri'vi'....rn,VnWHERE t IS IN FLOATING

POINT SECONDS AND THE COMPONENTS OF

AND TARE IN FLOATING POINT GEMINI

UNITS.

A ONE-LOCATION TABLE CONTAINING THE

TIME INTERVAL BETWEEN ENTRIES IN THE

TABLE TCRKOT IN FLOATING POINT SEC-
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TC6PLI

TCCGV5

TCRFTQ

TCWF.R

TCAHC2

ONDS.

A SEVEN-LOCATION TABLE TO BE USED AS

THE OUTPUT BLOCK BY C6PTLI AND WHICH

CONTAINS THE t_ AT RETROFIRE TIME.

A SEVEN-LOCATION TABLE TO BE USED AS

THE OUTPUT BLOCK BY C6RETC AND WHICH

CONTAINS THE t_,V AT END OF RETROFIRE.

A ONE-LOCATION TABLE WHICH WHEN EQUAL

TO ZERO INDICATES THAT NO TORQUE BE

APPLIED TO THE INERTIAL PLATFORM

DURING RETROFIRE AND WHICH WHEN NON-

ZERO INDICATES THAT TORQUE IS APPLIED

DURING RETROFIRE.

A ONE-LOCATION TABLE CONTAINING THE

REENTRY WEIGHT OF THE SPACECRAFT IN

FLOATING POINT POUNDS.

A ONE-LOCATION TABLE CONTAINING THE

LAUNCH/ABORT NOMINAL IMPACT HEIGHT IN

FLOATING POINT GEMINI UNITS.

OUTPUT

A TWO-LOCATION TABLE CONTAINING THE LATITUDE AND

LONGITUDE OF IMPACT IN FLOATING POINT RADIANS IS OUTPUT

FROM THE PROGRAM.

METHOD

USING THE GIVEN TIME OF RETROFIRE, t4 CGFTCI ENTERS

C6PTLI TO OBTAIN THE _ AND _ VECTORS ASSOCIATED WITH t4

C6PTLI USED THE LAGRANGIAN INTERPOLATION TO EXTRACT THESE

VECTORS FROM THE LAUNCH NUMERICAL INTEGRATION ORBIT

TABLE, TCRKOT.

THESE INTERPOLATED VECTORS AT t4 THEN SERVE AS INPUT
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TO C6RETC, WHICH ASSUMES THAT ALL FOUR RETROROCKETS FIRE

IN THEIR NORMAL SEQUENCE. THE OUTPUT FROM C6RETC IS THE

t,_,V AT THE END OF RETROFIRE (CALLED BURNOUT VECTORS).

THESE BURNOUT VECTORS ARE THEN INTEGRATED TO IMPACT

BY THE LAUNCH NUMERICAL INTEGRATION PROGRAM, CORKNI

(TYPE I). THE LIFT CONFIGURATION IS DETERMINED BY THE

BANK ANGLE SPECIFIED IN THE CALLING SEQUENCE OF CGFTCI.

THE OUTPUT FROM CORKNI IS THE TIME, LATITUDE, AND LONGI-

TUDE OF IMPACT.

USAGE

A)

B)

C)

D)

CALLING SEQUENCE -

TSX CGFTCI,4

PZE L(t4),,L(OUTPUT)

PZE L(BANK ANGLE),,e*

ERROR RETURN

NORMAL RETURN

STORAGE REQUIRED - 35 LOCATIONS EXCLUDING THAT

NEEDED BY SUBROUTINES AND EXTERNAL CONSTANIS.

ERROR CONDITIONS - ERROR RETURN FROM ANY OF THE

SUBROUTINES WILL CAUSE CGFTC_ TO RETURN CONTROL

TO THE MAIN PROGRAM VIA THE ERROR EXIT.

TIME REQUIRED (7094) - 0.045 MILLISECONDS (MAXI-

MUM) EXCLUDING ALL SUBROUTINE TIME. CONSIDERING

SUBROUTINE TIME, CGFTCI COULD POSSIBLY TAKE ?5D

MILLISECONDS EXECUTION TIME IF CDRKNI EXHAUSTED

THE SAFETY COUNT OF 50 STEPS. HOWEVER, THE

AVERAGE EXECUTION TIME IS 350 MILLISECONDS.

THIS ACTUAL MACHINE TIME WAS COMPUTED USING A

VECTOR AFTER NOMINAL SSCO AND A NOMINAL RETRO-

FIRING SEQUENCE, AND THEN INTEGRATING THE BURN-

OUT VECTOR TO 60,000 FEET WITH A 60° BANK ANGLE.
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49. CVAFPA - COMPUTATION OF RELATIVE VELOCITY AND

RELATIVE FLIGHT PATH ANGLE AT A SPECIFIED HEIGHT

THIS PROGRAM COMPUTES THE RELATIVE VELOCITY AND THE

RELATIVE FLIGHT PATH ANGLE OF THE SPACECRAFT AT A GIVEN

HEIGHT. IT IS A SUBROUTINE OF THE AVERAGE VECTOR PROGRAM

CFCFAV. (SEE FLOWCHART)

INPUT

A)

B)

C)

O)

A SEVEN-LOCATION TABLE CONTAINING t IN FLOATING

POINT SECONDS AND THE COMPONENTS OF r AND v IN

FLOATING POINT GEMINI UNITS AT THE COMPLETION OF

RETROROCKET BURNING IS INPUT TO THE PROGRAM.

LIBRARY SUBROUTINES U3VMAG AND UIASCO ARE USED.

SUBROUTINES BOSCER AND CORKNI (TYPE 2) ARE ALSO

REQUIRED.

CONSTANTS AND TABLES -

K.MOMG DEC -.05883378

KMO000 DEC -0

K,OMEG DEC ,05883378

KO0000 DEC 0

KO00.5 DEC ,5

KO0001 DEC 1

KO0002 DEC 2

K060.O DEC 60

NEGATIVE EARTH

ROTATION IN

RADIANS-GEMINI

TIME UNIT

MINUS ZERO

EARTH ROTATION

IN RADIANSI

GEMINI TIME UNIT

ZERO

FLOATING POINT

FIVE-TENTHS

FIXED POINT ONE

FIXED POINT TWO

FLOATING POINT
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KFTSCG

KMDXA7

TCHCFV

TCWF,R

SIXTY

DEC 25936.272 FLOATING POINT

GEMINI VELOCITY

UNIT IN FEET/

SECOND

PZE 7tO_l

A ONE-LOCATION TABLE CONTAINING THE

HEIGHT AT WHICH VELOCITY AND GAMMA

ARE TO BE COMPUTED IN FLOATING POINT

GEMINI LENGTH UNITS

A ONE-LOCATION TABLE CONTAINING THE

REENTRY WEIGHT OF THE SPACECRAFT IN

FLOATING POINT POUNDS

OUTPUT

A TWO-LOCATION TABLE CONTAINING THE RELATIVE

VELOCITY IN FLOATING POINT FEET/SECOND AND THE RELATIVE

FLIGHT PATH ANGLE IN FLOATING POINT RADIANS IS OUTPUT

FROM THE PROGRAM.

METHOD

UPON ENTERING CVAFPAt A CHECK IS MADE ON THE HEIGHT

OF THE INPUT VECTOR. IF THIS HEIGHT IS LESS THAN OR EQUAL

TO THE CRITERION HEIGHTt THE RELATIVE VELOCITY AND FLIGHT

PATH ANGLE ARE SET TO ZERO AND AN EXIT IS MADE FROM THE

PROGRAM.

THE INPUT VECTOR IS INTEGRATED AHEAD AT 60-SECOND

STEP SIZES UNTIL A VECTOR BELOW THE CRITERION HEIGHT IS

REACHED, AT THIS POINTj THE VECTOR BELOW THE CRITERION

HEIGHT 15 REJECTED AND THE LAST PREVIOUS VECTOR IS

INTEGRATED AGAIN WITH A 30-SECOND STEP SIZEt AND THE CON-

VERGENCE PROCESS TO COMPUTE A VECTOR AT THE CRITERION
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HEIGHT BEGINS.

WITH THE VECTOR THAT RESULTS FROM THIS 3D-SECOND

INTEGRATION STEP (AND WITH SUCCEEDING VECTORS), THE

PROCEDURE FOLLOWED IS -

A) IF THE VECTOR RESULTING FROM AN INTEGRATION

STEP IS ABOVE THE CRITERION HEIGHT, IT IS INTE-

GRATED AHEAD AT ONE-HALF THE PRESENT STEP SIZE.

B) IF THE VECTOR RESULTING FRUM AN INTEGRATION STEP

IS BELOW THE CRITERION HEIGHT, THE VECTOR AT THE

BEGINNING OF THIS INTEGRATION STEP IS INTEGRATED

AHEAD AT ONE-HALF THE PRESENT STEP SIZE.

IN EITHER CASE THE NUMBER OF ITERATIONS IS

REDUCED BY ONE AND THE PROCESS TERMINATES WITH

THE TENTH ITERATION. (THE FIRST VECTOR BELOW THE

CRITERION HEIGHT IS THE FIRST ITERATION.) THE

STEP SIZE OF THIS FINAL INTEGRATION IS 0.117

SECOND.

THE RELATIV6 VELOC[TY VECTOR IS COMPUTED FROM THE

VECTORS RESULTING FROM THE TENTH ITERATION USING -

WHERE _ IS THE ROTATIONAL VELOCITY OF THE GEMINI SPHEROID

IN RADIANSIGEMINI TIME UNITS. {SEE SECTION 55 FOR A

DERIVATION OF THIS FORMULA.)

THE MAGNITUDE OF THE RELATIVE VELOCITY VECTOR AND

THE RELATIVE FLIGHT PATH ANGLE ARE THEN COMPUTED.
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USAGE

A) CALLING SEQUENCE -

TSX CVAFPA,4

PZE LfINPUTI,_L(DUrPUT)

ERROR RETURN

NORMAL RETURN

B) STORAGE REQUIRED - 127 DECIMAL LOCATIONS EX-

CLUDING STORAGE REQUIRED BY EXTERNAL CONSTANTS

AND SUBROUTINES.

C) TIME REQUIRED (7094 MAXIMUM) - (108 + IOA)

MILLISECONDS WHERE A = NUMBER OF INTEGRATION

STEPS TAKEN AT 60-SECOND STEP SIZE. THIS TIME

INCLUDES ALL SUBROUTINE TIME EXCEPT THAT OF THE

UIASCO SUBROUTINE.

D) ERROR CONDITIONS - AN ERROR RETURN IS A RESULT

OF AN ERROR RETURN FROM A SUBROUTINE.
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50. A3GSCP - COMPUTATION OF LATITUDEt LONGITUDE

AND ALTITUDE

GIVEN AN INERTIAL POSITION VECTORe r_ OF THE SPACE-

CRAFT AT A PARTICULAR TIMEr T_ THIS PROGRAM COMPUTES THE

GEODETIC LATITUDE (@) AND THE LONGITUDE (_) OF THE SUB-

SPACECRAFT POSITION. IT ALSO COMPUTES THE GEODETIC ALTI-

TUDE (H) OF THE SPACECRAFT. (SEE'FLOWCHART.)

INPUT

A)

B)

C]

A FOUR-LOCATION TABLE CONTAININGt RESPECTIVELYI

t AND THE COMPONENTS OF _ IS INPUT TO THE PRO-

GRAM. THE COMPONENTS OF ARE IN FLOATING POINT

GEMINI UNITS_ WHILE t MAY BE EITHER FLOATING

POINT SECONDS OR FIXED POINT WITH SECONDS IN THE

DECREMENT AND MINUTES IN THE ADDRESS.

LIBRARY SUBROUTINES UISQRT, UIATAB, AND UIATNA

ARE USED.

CONSTANTS -

KO0000 FIXED POINT ZERO

K00060 FIXED POINT SIXTY

KOOI.O FLOATING POINT ONE

KCH233 OCTAL MASK USED IN TIME FORMAT CONVER-

SION

KKK2PI FLOATING POINT VALUE OF Z_

K. INB2 INVERSE OF THE SQUARE OF THE SEMI-MINOR

AXlS OF THE GEMINI SPHEROID IN FLOATING

POINT GEMINI UNITS

K.B2GU SQUARE OF THE SEMI-MINOR AXIS OF THE

GEMINI SPHEROID IN FLOATING POINT GEMINI

UNITS
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K.ECC2

K.OMES

KLAMDO

SQUARE OF THE ECCENTRICITY OF THE GEMINI

SPHEROID IN FLOATING POINT FORMAT

ANGULAR ROTATIONAL VELOCITY OF THE EARTH

IN FLOATING POINT RADIANS/SECOND

INERTIAL LONGITUDE OF GREENWICH AT MID-

NIGHT PRECEDING LAUNCH IN FLOATING POINT

RADIANS. (NOTE - KLAMDO IS NUt A TRUE

CONSTANT. IT IS A PARAMETER WHOSE VALUE

CHANGES WITH EACH DAY OF THE YEAR. FOR

SIMPLICITYt IT IS CURRENTLY ASSIGNED THE

VALUE ZERO IN THE GEMINI SYSTEM.)

OUTPUT

A THREE-LOCATION TABLE CONTAINING, RESPECTIVELY, L

AND @IN FLOATING POINT RADIANS AND H IN FLOATING POINT

GEMINI UNITS IS OUTPUT FROM THE PROGRAM. _ RANGES FROM D

TO 2_ RADIANS, ¢ RANGES FROM -_/2 TO +_/2 RADIANS. (THE

COMPUTATION OF H MAY BE OMITIED IF DESIRED. SEE USAGE.)

METHOD

IF A3GSCP IS ENTERED WITH TIME IN THE FIXEO POINT

FORMATt IT IS IMMEDIATELY CONVERTED TO FLUATING POINT

SECONDS.

THE ANGLE @ IS THE GEODETIC LATITUDE DF THE INTER-

SECTION OF THE GIVEN RADIUS VECTOR AND THE SURFACE OF THE

EARTH. IT IS USED AS A FIRST ESTIMATE OF @AND IS DESIG-

NATED BY ¢i"
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USING A STANDARD GEODESY TEXTBOOK FORMULA,

2

= a @!

tan @i _-_ tan

SINCE A = I GEMINI UNIT,

1 @,= 1
tan @i = _--_ tan _--_Z

-_X 2 + y2

USING THIS TAN

COMPUTED -

THE FOLLOWING TWO EQUATIONS CAN BE

Q =_/b2 tan2 @i +1

2
e tan@ i

+Z
Q

tan @i+1 V_2 + y2

THIS COMPUTED VALUE OF TAN @i+l IS USED AS THE NEW

ESTIMATE OF TAN_ A SECOND ITERATION OF THE ABOVE TWO

EQUATIONS IS MADE WITH TANg=TAN _i+1" THE SECOND COM-

PUTED VALUE OF TAN @i+1 IS THE TRUE VALUE OF TAN @CORRECT

TO EIGHT SIGNIFICANT PLACES.

USING THE ARCTANGENT ROUTINE, @ IS DETERMINED AND IS

SUCH THAT -x/2_x/2.

NEXT, IS COMPUTED USING THE STANDARD EXPRESSION

FOR IN THE GEMINI SYSTEM -

_, = tan -1 Y -cot
- kg

AND IS SUCH THAT O_2x.

IF THE SIGN OF 1,4 IS POSITIVE, THE HEIGHT, H, IS TO

BE COMPUTED. THE EQUATION USED IS
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H = A sec _ - Q

WHERE

seo @ :'_tan2@ + 1

Q =-_b 2 tan2q_ + 1

USAGE

A)

B)

C)

CALLING SEQUENCE -

IF THE INPUT TIME IS IN FIXED POINT (SECONDS IN

THE DECREMENT AND MINUTES IN THE ADDRESS)t THE

FOLLOWING CALLING SEQUENCE IS USED -

TSX A3GSCPI4

G L(INPUT)etL(OUTPUT)

ERROR RETURN

NORMAL RETURN

HOWEVER_ IF THE INPUT TIME IS IN FLOATING POINT

SECONDSt THE FOLLOWING CALLING SEQUENCE IS USED-

TSX A3GP12_4 (OR TSX A3GSCP+£2t4]

G L(INPUTIptL(OUTPUT)

ERROR RETURN

NORMAL RETUNR

G=PZE INDICATES THAT H IS TO BE COMPUTED.

G=MZE INDICATES THAT H IS NOT TO BE COMPUTED.

SPACE REQUIRED - IO0 LOCATIONS EXCLUDING THAT

REQUIRED BY EXTERNAL CONSTANTS AND SUBROUTINES,

ERROR CONDITIONS - AN ERROR RETURN IS A RESULT

OF AN ERROR RETURN FROM EITHER UISQRT OR UIATAB.

(IT SHOULD BE NOTED THAT UIATAB GIVES AN ERROR
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RETURN WHEN THE INPUT VECTOR TO A3GSCP IS ALL

ZEROS.)

C) TIME REQUIRED {7094 MAXIMUM) -

ENTERING AT A3GSCP (FIXED POINT rIME)

I) COMPUTING H - 2.07 MILLISECONDS

2} NOT COMPUTING H - 1.63 MILLISECONDS

ENTERING AT A3GP12 (FLOATING POINT TIME)

I) COMPUTING H - 2.01 MILLISECONDS

2) NOT COMPUTING H -1.56 MILLISECONDS

E) CHECKOUT - THE PROGRAM WAS CHECKED OUT USING

VECTORS WHOSE GEODETIC LATITUDES VARIED AT 15°

INTERVALS FROM 90°STO 90°N. PROGRAM CALCULATIONS

OF @,_ AND H WERE CHECKED AGAINST HAND CALCULA-

TIONS.
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DERIVATIONS OF EQUATIONS USED IN A3GSCP

N
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(1) R = r sin (0-(I)')_ N cos 15
sin (_b-q_")-cos@" (LAW OF SINES)

(2)
b 2

tan qY' = --_ tan @
a

(GEODESY FORMULA)

THE FOLLO_VING ILLUSTRATION SHOWS THE TRIGONOMETRIC RELATIONSHIPS

FOR THE ANGLE @ " USING EQUATION (2).

2
a cos ¢

b 2 sin @
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(3) sin (q_-q_') = sin _bcos q_" - cos _) sin _b"

(4)

2
a cos 0

= sin_b ....

:_/-a 4 cos2_b + b 4 sin2q_

- cos _bb2 sin q_

"_/a 4 cos2-_b + b4 sin2¢)

_ (a2 -b2) sin _bcos _b

-_(a 4 cos2cb + b 4 sin2q_

r sin @-_b') = r sin q_ cos q_' -r cos ¢ sin _b'

=_]X 2+ y2 sinq_-Z cosq_

SUBSTITUTING (3) AND (4) INTO (1):

OR

VX y2
+ sin _b -Z cos ¢ = N (cos q_)

(a2 -b2) sin _ cos q_
Cos _b"_/a4 cos2@ + b 4 sin2¢

N
2

a

(5) "_/X2+ y2 tan@-Z- a2 -b2
2

a

(6) N = a = i

N sin@=e 2 N sin

(GEODESY FORMULA)

1 1

-_]1 -(1 -b 2) sin2q) "_/cos2_b + b 2 sin2_b

_ sec _b

-_/1 + b 2 tan2@
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SUBSTITUTING (6) INTO (S):

_/'X2 + y2 tan @ -Z 2 sin!b sec 15
--e

-_'1 + b 2 ta2@

OR

(7) tan (_ -

2
e tan@

_/1 + b 2 tan 2 _b

_X 2 + y2

+Z

N + H _ cos@' (law of sines)
r cos

 /x2+y2
N+H=

COS

(8) H = sec _)VX 2"/ + y2 _ N

SUBSTITUTING (6) INTO (8):

(9) H = sec ¢'_fX 2 + y2 _ sec @

"_1 + b 2 tan2(_

EQUATIONS (6). (7), AND (9) ARE USED IN A3GSCP AS STATED BECAUSE
OF THE RELATIVE SIMPLICITY OF COMPUTING THEM IN THE LEAST AMOUNT OF

MAOIINE TIME.
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A3GSH

: ............. :*°

*•

**•••*•*°I..H•

H3GSCP

A3GPI2

i CONVERT

FX.RTo T TO : : ENTER :

FLT.PT. TINEw • 0,_ FLToPT. T •
IN SECS, • IIIlllllllllill

llllliltttlllll

:x ................................

Iiilllllliillil

:TIINPUT) INTO:

• ---UISQRT--- *
• CDMPUIE Q •

* * A3GER

• ,YES ••,

• * ERROR RETURN *_ BE i
FROM UISORT *

• SAVE IR'S 2iS*

• _MgtE_ENT *

• L([NFUTI INTO*

• RRI

2'5
• COMPLEMENT

L(OUTPUTIINTO XRZ

A

i

tan @i+1 •

• INTO t_ _

: A2 ×2+y_ :
• * •YES • ***

IS x_3 OT I * .............. x. XR_-I INT3 *...X _).I

• RR3

• ---UISQRT--- :*
* COMPUTE A

** ---U1ATNA---
• COMPUTE •

• @I •*•,*

* • ALGER

• " " .,_s ... :.............:
• * • RESTORE XR_ •

ERROR RETURN • ........ •B7 .,XICIXR@I+I INTOI

• FROM U|SQRT • • I • XR4

tan (_i _

: _ : :BO*..X:RESE.REOT,',ER:
• * * XR( S *

: _- z : ... :.............:

• l

• p=wt+ kg •

A3GSH

• 2 ENrOXR_:...;co: : _x_r :
* TO 3,_ •
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• • AJSER

• ---UIATAR--- • *VES •••

• COMPUTE m...° ........ X ERROR RErJRN •_ BI:

i. tm1-1 Y/X • F_U_ _IAT_• ••..•

.......... X* A3 •
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,,o : ............. :

• ° -1 Y "

tAO*..X*_ = txn _--p:

• ,t ,

°o,•o,*eH.°,•,

i*'• • H = A sec @i •

ID}*..XI - sec @i

• - Q

• •YES :*••••••*'°*••:

LT O • ........ *BI•.*X: L + 2_ INTO _ :

• **•*HIHII*•°*

_o

* H IWIO 2,2

:.............i

• • *YES ***

* • _ LT 0 " *_ 8L:

- NO

.X ............................... :

• K INTO 0,2 *

: RESIORE XR_ :..._ BS*m

• • *•H

• • "Y_S :''',

• IS I _ *X B8 *

NEGAT|VE • -4_2*
• ,,,.

.

_o

:...._.........
• sec _i

i...*cb.:.'..i

***°•.••***...•

• ---UISQRT--- *

• " COMPUTE *

• sec ¢i ,"

• * • * A3GER

• *YES lu*.
O

i

• ERROR RETURN *_ B7 -

FROM UISQRI * *@@2*

_0

iQ2_bEi_.2Qi+ii

H*tm•*••*H**_

---ULSORT--- * ............................................. X
• COMPUTE Q *

* * A3GER

• -YES °*-*

ERROR RETURN *x BT**

FROM UISQRT ,4_2-
• **H

• _S m °•**

.......... x* 0o*

.m.
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51. BOSCER - EARTH RADIUS DETERMINATION

GIVEN A VECTOR _ (X, Y, Z) OF [HE SPACECRAFT, THE

BOSCER PROGRAM COMPUTES THE RADIUS OF THE EARTH ALONG THE

RADIUS VECTOR,_. (SEE FLOWCHART.)

INPUT

BOSCER USES THE SQUARE ROOT ROUTINE, UISQRT.

THE INPUT TO THE BOSCER PROGRAM IS A TABLE CONTAIN-

ING AT LEAST FOUR LOCATIONS WITH THE X, Y, AND Z COMPO-

NENTS OF THE GIVEN _ IN THE SECOND, THIRD, AND FOURTH LO-

CATIONS, RESPECTIVELY. THESE ARE IN FLOATING POINT

GEMINI UNITS.

OUTPUT

THE OUTPUT OF BOSCER IS THE RADIUS OF THE EARTH

ALONG A GIVEN RADIUS VECTOR LEFT IN THE ACCUMULATOR UPON

EXITING FROM THE PROGRAM. OUTPUT IS IN FLOATING POINT

GEMINI UNITS.

METHOD

A) EQUATION USED -

(X + y2 + Z 21

__+ (X2+ y2)
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B) THIS EQUATION MAY BE DERIVED AS FOLLOWS -

(XI' YI'

r=(X, Y, z)

z 1)

In this diagram the
X and Y axes lie in

the equatorial plane.
is the geocentric

latitude of

THE EQUATION OF THE GEMINI SPHEROID IS

2 2 2
X1 Y1 Z1

---2-'+'--2a a + b 2 1

2 2
THUS _1 + Y1 Zl

+
a 2 b 2

= 1

NOW Z

Z l=Rsin_=R _/ X 2+ y2+ Z2

(1)

(2)

AND

JX_ 2 JX 2 y2+Y1 = Rcos(_=R +
JX + y2 + Z 2

ALSO_ A=I WHEN ALL LENGTHS ARE EXPRESSED IN GEMINI

UNITS SUBSTITUTING (2), (]), AND (4) INTO (I) -

131

14)
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R 2 Z 2R2(X 2 + y2) + = 1

(X 2+Y2+ Z 2) b2(X 2+ y2+ Z 2)

R2Z 2
R2(X 2 + y2) +

b 2
_ X 2 + y2 + Z 2

R 2 /X 2+ y2+ Z_/=x 2+ y2+ Z 2

X__. ) + y2 + Z 2R= Z-2+ (X 2+Y2)

USAGE

A)

B)

C)

CALLING SEQUENCE -

TSX BOSCER,4

PZE LIINPUT TABLE)

RETURN EARTH RADIUS IN AC

SPACE REQUIRED - 30 LOCATIUNS EXLCUDING SUBROU-

TINE, CONSTANT, AND INPUT TABLE.

CONSTANT -

K. INB2 DEC 1.0067383 INVERSE OF SQUARE OF

SEMIMINOR AXIS OF

GEMINI SPHEROID

D) TIME REQUIRED - THE TIME REQUIRED FOR THE BOSCER

PROGRAM IS .315 MILLISECONDS IIBM 7094 COMPUTER

TIME)o

El CHECKOUT - THE BOSCER PROGRAM WAS CHECKED OUT

USINGT COMPONENTS WITH A HEIGHT KNOWN TO BE

450,000 FEET. PROGRAM CALCULATIONS WERE CHECKED

AGAINST HAND CALCULATIONS.
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• ENTER

• FROM Op4 •

motwo,oootol,o,

BOSCER

• SAVE XR| AND*

• KR4. 2'S •

COMP. !,NTOxAz :

_COMPUTE R 2 "

:

i'£_t';_:'_"i
:z_2*(x2+Y5 :
:._..........:

• TAKE SOUARE *

• OF R 2 - •"

: RESTORE XRl !
AND XR4

: EXZT :
• TO 2,_
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52. MFCCMN - SUFFIX TO CCMAIN

THE MAIN FUNCTION OF THIS PROGRAM IS TO PROCESS THE

OUTPUT QUANTITIES OF THE MAIN LAUNCH CALCULATIONS PRO-

GRAM, CCMAIN. IT ALSO DETERMINES WHETHER A PHASE CHANGE

HAS BEEN REQUESTED AND, ACCORDINGLY, PERFORMS THE INTER-

FACE WITH THE LOW ABORT, HIGH ABORT, OR ORBIT PROGRAMS.

IN ADDITION, MFCCMN CONTROLS THE ON-LINE PRINTING OF

COMPUTER RECOMMENDATIONS AND THE ASSOCIATED LAUNCH COM-

PUTATICNS. (SEE FLOWCHART.)

INPUT

A) THIS PROGRAM USES SUBROUTINES CUPDAT AND CABDAT.

B) MACROS QENBZ, QENBA, QUEUE, TRNON, TRNOF, QPSLF,

C)

D)

AND QMOVE ARE USED.

CONSTANTS -

KMO000 KO0060 KRTDEG

KO0000 KO0080 K8.3M3

KOOOOX KO05.0 KOOOPI

KO0002 KO06.0 KTFORD

KO0003 K060.O KTBACK

KO0006 KCH232 KSETNG

KO0008 KCH233 KLSACM

COMMUNICATION CELLS - THE CONTENTS OF THESE

CELLS ARE EITHER USED BY MFCCMN OR ARE COMPUTED

BY MFCCMN.

MCXRVT MCGTLO MCPERS

MC2RVT MCHFSI MCPFLD
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E}

MCACBD

MCACTV

MCAFIN

MCBGNG

MCBJMN

MCBDTF

MCCCMD

MCCFHP

MCCURT

MCDISP

MCEAAA

MCEABM

MCEABS

MCELFT

MCEORP

MCESSC

MCFLSS

MCFTRC

MCGMLM

MCGTIN

PARAMETERS

A

B

C

D

E

G

MNABRT

MNBBNI

MNCCGB

MCHFSC MCPHSE

MCHOMS MCPSEL

MCIMPA MCPSPS

MCIMPD MCREST

MCIMPL MCSBDA

MCIONG MCSGNG

MCIPBS MCSINP

MCLAST MCSOPT

MCLFTM MCSPD3

MCLGTI MCSRST

MCLGT2 MCSSOR

MCLIDT MCSTTG

MCLIMP MCTBAR

MCCLOT MCTLST

MCLNOR MCTOFS

MCLOPR MCTRV2

MCMAN2 MCTRVT

MCMAN5 MCVRLM

MCMAOS MCWICH

MCOPT[ MC_XXX

MNCCIP MNMESS

MNCCMN MNMPRK

MNDIFC MNNSRS

MNDIFK MNORMC

MNDIFM MNOURI

MNEDBD MNRSYS

MNLANA MNSENS

MNLEDI MNSRST

MNLED2 MNWRRS
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F) TABLES -

TCCOUT TMGEBP TMOUT3

TDCDEF TMGLVC TMOUT4

TDNIPM TMILVB TMOUT5

TDRANV TMILVC TMOUT6

TMABDV TMIPB2 TMOUT7

TMBDOL TMIPBP TMREFR

TMBDIL TMIPC2 TMREST

TMBD2L TMIPCP TMRV3I

TMBDA2 TMIPS2 TMSLB2

TMBDAP TMIPSL TMSLBD

TMBLVC TMLANA TMSMOL

TMCYCL TMLIPC TMSMIL

TMCYNO TMMANZ TMSM2L

TMERTS TMMPRK TMSML2

TMGEB2 TMOUTI TMSOLP

METHOD

MFCCMN IS COMPRISED OF SIX MAIN BLOCKS OF LOGIC.

THESE ARE SINGLE VECTOR PROCESSING, BOOSTER GO/NO-GO

PROCESSINGt AVERAGE VECTOR PROCESSING, LOW ABORT INTER-

FACE, HIGH ABORT INTERFACE, AND ORBIT INTERFACE. THESE

WILL BE TREATED SEPARATELY IN THE FOLLOWING DISCUSSION.
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SINGLE VECTOR PROCESSING

A) THE QUANTITIES IN THE APPROPRIATE CCMAIN OUTPUT

TABLE ARE STORED IN THE TABLE TMLANA FOR USE BY

THE OUTPUT DISPLAY PROGRAM OOLANA.

B) THE INPUT IS SET UP FOR THE IMPACT PREDICTDR,

CIMPRK, EVERY SECOND PASS.

C) MFCCMN DETERMINES WHETHER OR NOT THE LOW ABORT

PHASE IS TO BE ENTERED. IF SO, CONTROL IS GIVEN

TO THE LOW ABORT INTERFACE.

BOOSTER GO/NO-GO PROCESSING

A) AS IN SINGLE VECTOR PROCESSING, CCMAIN OUTPUT

IS STORED IN TMLANA FOR OUTPUT DISPLAY.

B) IN EVERY PASS FOR THE GO/NO-GO COMPUTATIONS

WITH THE EXCEPTION OF THE LAST PASS, A RETURN

IS MADE TO MPCCMN FOR THE COMPUTATION OF THE

REMAINING RECOMMENDATIONS.

C) ON THE LAST PASS OF THE GO/NO-GO COMPUTATIONS,

THE COMPUTER'S RECOMMENDATIONS AND PERTINENT

LAUNCH COMPUTATIONAL QUANTITIES ARE PRINTED ON-

LINE.

D) IF THE HIGH ABORT PHASE OR THE ORBIT PHASE IS

TO BE ENTERED, CONTROL IS GIVEN TO THE APPRO-

PRIATE INTERFACE PROGRAMS.

AVERAGE VECTOR PROCESSING

THIS PROCESSING IS BEGUN AFTER THE COMPLETION OF THE

GO/NO-GO COMPUTATIONS.

A) ON ALL DISPLAY PASSES, THE SELECTED SOURCE OUT-

PUT FROM CCMAIN IS STORED IN TMLANA FOR OUTPUT
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DISPLAY. A RETURN IS THEN MADE TO MPCCMN FOR

BERMUDA DATA COMPUTATIONS.

B) ON THOSE PASSES WHICH ARE NOT DISPLAY PASSES, IF

BERMUDA DATA IS AVAILABLE, THE COMPUTER'S RECOM-

MENDATIONS AND THE ASSOCIATED QUANTITIES FROM

THIS DATA ARE PRINTED ON-LINE. IF BERMUDA IS

THE SOURCE IN PROCESS, THIS ON-LINE PRINTING OC-

CURS EVERY 60 SECONDS. THIS SAME CYCLIC ON-LINE

PRINTING WILL OCCUR WITH IP SPACECRAFT SOURCES

PROVIDING THAT BERMUDA HAS ALREADY BEEN SELECTED

AND IP IS THE SELECTED SUURCE.

C) IF THE HIGH ABORT OR ORBIT PHASE IS TO BE

ENTERED, CONTROL IS GIVEN TO THE APPROPRIATE

INTERFACE PROGRAMS.

LOW ABCRT INTERFACE

IF AM3 {ABORT MODE THREE) HAS NOT OCCURRED, AND AAA

(ASTRONAUT ACTUATED ABORT) HAS OCCURRED, THE LOW ABORT

INTERFACE IS INITIATED.

A) ONCE AAA _AS BEEN RECEIVED, TIMES ARE SET UP FOR

COLLECTING VECTORS ON THE BOOSTER SOURCES,

Bl GE, IP MISTRAM, AND IP AZUSA, FROM t +4 TO
AAA

+9 SECONDS. AT tA_ +II SECS. THE AVERAGE VEC-

TORS ARE OBTAINED AND THE ABORT SWITCH IS IN-

TERROGATED.

B) WHEN ABS (ABORT PHASE STARTED) HAS OCCURRED, THE

SELECTED SOURCE IS EXAMINED TO DETERMINE WHICH

VECTOR TO GIVE TO THE ABORT PHASE. IF THE
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SOURCE IS A BOOSTER SOURCEt THE AVERAGE VECTOR

OBTAINED ATt ÷II IS USED. IF THE SOURCE IS
_A

A SPACECRAFT SOURCE_ AN AVERAGE VECTOR IS COM-

PUTED ON THAT SOURCE. IF ERS HAS OCCURRED AND

THE VECTOR IS FROM A BOOSTER SOURCE THE DELTA

VELOCITY DUE TO THE ERS IS ADDED TO THE VECTOR.

C) IF ERS (EMERGENCY RETRO SALVO) HAS NOT YET OC-

CURREDt THE BERMUDA SUBCHANNELS ARE ACTIVATED

IMMEDIATELY. IF ERS HAS OCCURRED THE TIME TO

ACTIVATE BERMUDA FOR THE ABORT PROGRAM IS SET

EQUAL TO THE TIME OF ERS + 6 SECONDS,

D) THE ABORT PROGRAMS ARE MOVED INTO A CORE FOR

EXECUT ION.

E) THE CONTENTS OF TMCYCL AND TMCYNO ARE CHANGED

TO INDICATE THAT IN PLACE OF PROCESSING CCMAIN

EVERY HALF SECONDt MABORT WILL BE ENTERED

EVERY 6 SECONDS. THE ABORT VECTOR IS UPDATED TO

CURRENT TIME AND PLACED IN THE INITIAL BUFFER

FOR USE BY CLABRT.

F) CCMAIN IS THEN SUPPRESSED AND THE ABORT PROGRAM

MABORT IS REQUESTED.

HIGH ABORT INTERFACE

IF AM3 HAS OCCURRED AND THE BOOSTER GO/NO-GO SE-

QUENCE HAS BEEN COMPLETED_ THE HIGH ABORT INTERFACE LOGIC

MAY BE ENTERED.

A) THE AVERAGE VECTOR FROM THE SELECTED SOURCE

IS MOVED TO THE ABORT DEFINING VECTOR BUFFER.
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B) THE COORDINATE CONVERSION PROGRAMS |COCOOI AND

CSCO02) ARE SUPPRESSED SO THAT ONLY TELEMETRY

WILL BE PROCESSED.

C) THE SUBCHANNELS FOR LOW-SPEED INPUTS ARE ACTI-

VATED.

D) THE ABORT DEFINING VECTOR IS PRINTED ON-LINE.

E) ALL INPUT AND INDICATORS ARE SET FOR THE HIGH

ABORT PROGRAMS. THE CONTENTS OF TMCYCL AND

TMCYNO ARE CHANGED AS IN LOW ABORT INTERFACE.

F) CCMAIN IS SUPPRESSED AND THE ABORT PROGRAM

MABORT IS REQUESTED.

ORBIT INTERFACE

ONCE THE GO/NO-GO COMPUTATIONS HAVE BEEN COMPLEIED,

MFCCMN PRCCESSES CATA UNTIL RECOGNITION OF THEE ORBIT

SWITCH, AT WHICH TIME CONTROL IS TRANSFERRED TO THE ORBIT

INTERFACE LOGIC.

A) THE AVERAGE VECTOR FROM THE SELECTED SOURCE IS

MOVED TO TDRANV AS THE ORBIT DEFINING VECTOR.

B) THE SUBCHANNELS FOR HIGH-SPEED INPUTS ARE DEAC-

TIVATED WHILE THE SUBCHANNELS FOR LOW SPEED IN-

PUTS ARE ACTIVATED.

C} THE LAUNCH ROUTINES ARE ALL SUPPRESSED AND ALL

NECESSARY INPUT AND INDICATORS ARE SET FOR THE

ORBIT PROGRAMS.

D) THE ORBIT DEFINING VECTOR IS PRINTED ON-LINE AND

ORBIT PHASE IS INDICATED EXTERNALLY.

E) THE INFORMATION NECESSARY FOR WRITING ON THE

RESTART TAPE IS SET UP.
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F) IN THE EVENT OF A RESTARI, THE ORBIT INTERFACE

PROGRAM IS ENTFRED DIRECTLY FROM MPCCMN. THE

PROGRAM THEN UNSUPPRESSES NYSRST SO THAT A

VECTOR MAY BE READ FRO_ THE RESTART TAPE. IT

THEN WAITS UNTIL EITHER THE VECTOR HAS BEEN

READ IN OR UNTIL IT IS TOLO THAT NO VECTOR IS

FORTHCOMING. IF NO VECTOR IS AVAILABLE ON THE

RESTART TAPE, THE INTERFACE PROGRAM WILL WAIT

FOR THE MANUAL INSERTION OF AN ORBIT DEFINING

VECTOR. IN EITHER CASE, ONCE A VECTOR HAS BEEN

FOUND, THE PROCESSING CONTINUES AS DURING A

NORMAL LAUNCH-ORBIT INTEt_FACE.
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53. CORKNI - RUNGE-KUTTA NUMERICAL INTEGRATION

A FOURTH ORDER RUNGE-KUTTA NUMERICAL INTEGRATION

PROGRAM IS USED DURING LAUNCH AND ABORT TO PREDICT IMPACT

POINTS, UPDATE VECTORS, AND GENERATE ORBIT AND REENTRY

TABLES. {SEE FLOWCHART)

RUNGE-KUTTA INTEGRATION IS A SINGLE-STEP INTEGRATION

METHOD. IS WAS CHOSEN INSTEAD OF A MULTI-STEP METHOD

BECAUSE OF ThE GREAT NEED FOR SPEED OF EXECUTION. A

SINGLE-STEP METHOD OFFERS TWO BASIC ADVANTAGES -

A) THE FUNCTIONS USED TO DESCRIBE THE ATMOSPHERE

ARE NOT CONTINUOUS. WITHIN A GIVEN INTEGRATION

STEP, A SINGLE-STEP METHOD CONSIDERS A MUCH

SMALLER PORTION OF THE ATMOSPHERE THAN A MULTI-

STEP METHOD USING THE SAME STEP SIZE. THEREFORE,

A SINGLE STEP METHOD CAN USE MUCH LARGER STEP

SIZES BEFORE DISCREPANCIES DUE TO THE DISCONTI-

NUITIES BECOME SIGNIFICANT.

B) A MULTI-STEP METHOD REQUIRES A LENGTHY RESTART

PROCEDURE WHEN CHANGING STEP SIZE. A SINGLE-

STEP METHOD REQUIRES NONE.

IN AN ATTEMPT TO DEVELOP A FAST, SINGLE-STEP INTE-

GRATOR FOR IMPACT PREDICTION, RUNGE-KUTTA METHODS OF SEC-

OND AND MODIFIED SECOND ORDER WERE TRIED. THEY WERE

FOUND TO BE FAIRLY ACCURATE AT STEP SIZES ON THE ORDER OF

EIGHT SECONDS, BUT WERE TOO WEAK AT LARGER STEP SIZES.

THE FOURTH ORDER METHOD WAS THEREFORE USED. AFTER MUCH

ANALYSIS, OPTIMUM STEP SIZES FOR VARIOUS SECTIONS OF RE-

ENTRY WERE FOUND. THESE STEP SIZES ARE OPTIMUM FROM THE

STANDPOINT OF ACCURACY IN IMPACT PREDICTION AND FROM THE
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STANDPOINT CF MACHINE TIME.

THERE ARE FOUR TYPES OF INPUTIOUIPUT PACKAGES FOR

THIS INTEGRATION PROGRAM AND EACH HAS ITS OWN CONTROL

LOGIC. ALL FOUR PROGRAMS, HOWEVER, USE THE SAME LOGIC

FOR THE BASIC MATHEMATICS OF NUMERICAL INTEGRATION.

TYPE I INTEGRATION IS USED DURING REENTRY TO PREDICT

THE TIME, LONGITUDE, AND LATITUDE OF IMPACT. GENERALLY,

TYPE 2 INTEGRATION IS USED TO UPDATE VECTORS. TYPE ) IN-

TEGRATION GENERAIES EITHER A REENIRY OR AN ORBIT TABLE OF

AND _ VECTORS AND A TABLE OF CORRESPONDING HEIGHTS.

TYPE 4 INTEGRATION GENERATES ONLY A TABLE OF _ ANO_ VEC-

TORS. EACH OF FOUR TYPES OF INTEGRATION WILL BE TREATED

SEPARATELY IN THE FOLLOWING DISCUSSION.

INPUT

A)

B)

C)

D)

SUBROUTINES C6HPER AND C4DRFT ARE USED. IN AD-

DITION, TYPE I INTEGRATION USES C3GSCP.

LIBRARY SUBROUTINE UISICO IS USED.

CONSTANTS -

KMGIA7 PZE 7,0tl

KMO0.5 FLOATING POINT MINUS FIVE TENTHS

KOCO.5 FLOATING POINT FIVE TENTHS

K00.25 FLOATING POINT TWENTY-FIVE HUNDREDTHS

K0.166 FLOATING POINT ONE SIXTH

KO02.0 FLOATING POINT TWO

KOOGO0 ZERO

KO0001 FIXED POINT ONE

KOCO07 FIXED POINT SEVEN

KOO.UT FLOATING POINT GEMINI TIME UNIT IN

SECONDS

TABLES -

TC.WCF CONVERSION CONSTANT IN FLOATING POINT
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WHICH WHEN DIVIDED BY THE MASS OF THE

SPACECRAFT IN POUNDS EQUALS THE AREA TO

MASS RATIO OF THE GEMINI SPACECRAFT IN

GEMINI UNITS.

INPUTIOUTPUT REQUIREMENTS FOR TYPE I INTEGRATION

TYPE I INTEGRATION IS USED DURING REENTRY TO PREDICT

THE TIME, LONGITUDE, AND LATITUDE OF IMPACT. THE IMPACT

HEIGHT IS SPECIFIED IN THE CALLING SEQUENCE. IN PRE-

DICTING IMPACT, TYPE I INTEGRATION MAKES USE OF TWO SETS

OF STEP SIZES. THE SET OF SMALLER STEP SIZES IS USED

WHEN TYPE I IS ENTERED WITH A VECTOR BELOW 350,000 FEET.

THE SET OF LARGER STEP SIZES IS USED FOR THOSE VECTORS

ABOVE SSC,O00 FEET. THE ECCENTRICITY OF THE TRAJECTORY

NECESSITATES HAVING THESE TWO BLOCKS OF STEP SIZES.

VECTORS ARE INTEGRATED TO IMPACT USING THE FOLLOWING

STEP SIZES(EI) BETWEEN THE VARIOUS GIVEN HEIGHTS (Ci)ALONG

THE REENTRY TRAJECTORY.

ENTRY BELOW 350,000 FEET -

H > 350,000 FEET (C4) -45 SECONDS (F4)

H > 2000,000 FEET(C3) -30 SECONDS (F3)

H > lO0,CO0 FEET (C2) -15 SECONDS (F2)

H _ IMPACT HEIGHT (C1) -5 SECONDS (F1)

ENTRY ABOVE 350,000 FEET -

H > 350,000 FEET (C4) -120 SECONDS (F4)

H > 200,000 FEET (C3) -6_ SECONDS (F3)

H > IO0,GO0 FEET (C2) -28 SECONDS (F2)

H _ IMPACT HEIGHT (CI) -15 SECONDS (FI)

THE STEP SIZES ARE USED AND CHANGED BASICALLY IN THE

TWC FOLLOWING WAYS -

A) FOR A TRAJECTORY WHERE H IS INCREASING, THE STEP

SIZE(FI) IS CHANGED IINCREASED) IF THE RESULTING

VECTOR CF AN INTEGRATION STEP HAS A HEIGHT
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B)

GREATER THAN Ci+ 1 THIS VECTOR ABOVE C£+ 1 IS

THEN INTEGRATED USING STEP SIZE F.
z+ 1

FOR A TRAJECTORY WHERE H IS DECREASING, THE STEP

SIZE F i IS CHANGED (DECREASED) IF THE RESULTING

VECTOR OF AN INTEGRATION STEP HAS A HEIGHT LESS

THAN OR EQUAL TO CI- i" HOWEVER, IN THIS CASE THE

VECTOR USED AT THE BEGINNING OF THIS STEP IS

INTEGRATED AGAIN USING STEP SIZE Fi_ 1. |A COUNTER

M=4 IS SET AT THIS POINT TO SHOW THAT STEP SIZE

HAS BEEN CHANGED, AND PROVIDES THE POSSIBILITY

THAT STEP SIZE F. MAY BE USED FOUR TIMES
i- 1

ABOVE Ci_ 1. THIS ALSO PREVENTS AN IMMEDIATE

CHANGE BACK TO STEP SIZE F. ON THE NEXT STEP.)
I

THUS, THE RESULT OF AN INTEGRATION STEP IS RE-

JECTED IF THE RESULTING HEIGHT IS BELOW THE NEXT

CRITERICN. ALTHOUGH THIS TAKES A LITTLE MORE

MACHINE TIME, IT IS NECESSARY TO INTEGRATE THE

PREVIOUS VECTOR AGAIN TO MAINTAIN ACCURACY. (A

CHECK ON THE HEIGHT AND THE STEP SIZE BEING USED

IS MADE THREE TIMES IN EACH INTEGRATION STEP.

THE HEIGHT IS COMPUTED IN C6HPEP AND THE CHECK

IS MADE UPON EXIT FROM THIS SUBROUTINE.)

LINERAR INTERPOLATION IS USED WITH THE LAST VEC-

TOR ABOVE AND THE FIRST VECTOR HELOW IMPACT TO OB-

TAIN A VECTOR AT IMPACT. USING THE VECTOR, C3GSCP

COMPUTES THE LONGITUDE AND LATITUDE OF IMPACT.

THE LONGITUDE AND LATITUDE OF IMPACT.

CALLING SEQUENCE -

TSX

PZE

PZE

PZE

CORKNIt4

L(INPUT)_tL|OUTPUT)

KO0001.,**

L(NUMBER OF INTEGRATION STEPS),,'*
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PZE

PZE

ERROR

NORMAL

L{BANK ANGLE),,**

L{CAPSULE WEIGHT),,L|IMPACT HEIGHT)

RETURN

RETURN

INPUT IS A SEVEN-LOCATION TABLE CONTAINING THE

t,r,_ TO BE INTEGRATED, WHERE t IS IN FLOATING

POINT SECONDS AND_andV ARE IN FLOATING POINT GEMINI

UNITS.

CUTPUT IS A THREE-LOCATIUN TABLE CONTAINING t,k,@ OF

IMPACT_ WHERE t IS IN FLOATING POINT SECONDS AND

AND @ARE IN FLOATING POINT RADIANS.

K0CO01 IS A FIXED ONE (l) AND INDICATES INTEGRA-

TION TYPE.

NUMBER OF INTEGRATION STEPS IS A FIXED POINT

NUMBER WHICH IS USED AS A SAFETY FACTOR. WITH A NO-

MINAL TRAJECTORY INTEGRATION TO IMPACT SHOULD ALWAYS

TAKE LESS STEPS THAN THE SAFETY FACTOR. AN ERROR IS

MADE FROM THE PROGRAM IF IMPACT IS NOT REACHED WITH-

IN THE SAFETY COUNT.

BANK ANGLE IS THE BANK ANGLE TO BE USED IN

FLOATING POINT RADIANS AND WHOSE RANGE IS SUCH THAT+0<
n

BANK ANGLE <8_. A NEGATIVE BANK ANGLE REPRESENTS

CCNSTANT ROLL RATE AND HENCE, ZERO LIFT.

CAPSULE WEIGHT IS THE WEIGHT OF THE SPACECRAFT

IN FLOATING POINT POUNDS. IT IS GENERALLY THE RE-

ENTRY HEIGHT.

IMPACT HEIGHT IS THE HEIGHT IN FLOATING POINT

GEMINI LENGTH UNITS AT WHICH O_TPUT IS DESIRED.

HOWEVER, IF THE HEIGHT OF THE ANCHOR VECTOR IS LESS

THAN THIS SPECIFIC HEIGHT, THE HEIGHT OF THE ANCHOR

VECTOR IS USED AS THE IMPACT HEIGHT.
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INPUT/OUTPUT REQUIREMENTS FOR IYPE 2 INIEGRAIION

TYPE 2 INTEGRATION IS USED TO UPDATE VECTORS OR

TG PRECICT A VECTOR AT A CERTAIN FUTURE TIME. IT

MAY BE USED AT ANY TIME DURING LAUNCH OR ABORT BY

SIMPLY SPECIFYI:_G THE CAPSULE WEIGHT AND STEP SIZE.

TYPE 2 INTEGRATION WILL INIEGRATE AT ANY STEP

SIZE {WITHIN REASONABLE LIPITS) FOR ANY NUMBER OF

STEPS AND WILL OUTPUT THE RESULTING VECTOR. ALL OF

THIS IS SPECIFIED IN THE CALLINC SEQUENCE.

CALLING SEGUENCE -

TSX CORKNI,4

PZE L(INPUT),,LIOUTPUT)

PZE KOOOO2,,L(STEP SIZE)

PZE L[NUMBER OF INTEGRATION STEPS)t,g*

PZE L(BANK ANGLE),,L(THRUST INDICATDR)

PZE L{CAPSULE WEIGtIT),,**

ERROR RETURN

NORMAL RETURN

INPUT IS A SEVEN-LOCATION rABLE CONTAINING THE

t,r,v TO BE INTEGRATED_ WHERE t IS IN FLOATING POINT

SECONDS AND r and_ ARE IN FLOATING POINT GEMINI

UNITS.

OUTPUT IS A SEVEN-LOCATIUN TABLE CUNTAINING THE

INTEGRATED t,_,_. THE OUTPUT FORMAT IS THE SAME AS

THE INPUT FORMAT.

KOCOO2 IS A FIXED POINT TWU (2] AND INDICAIES

INTEGRATION TYPE.

STEP SIZE IS GIVEN IN FLOATING POINT SECONDS.

(BY SPECIFYING A NEGATIVE STEP SIZE, ONE IS, IN EF-

FECT, SPECIFYING A BACKWARD INTEGRATION.)
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NUMBER OF INTEGRATION STEPS IS A FIXED POINT

NUMBER AND INDICATES THE NUMBER OF STEPS TO BE

TAKEN.

BANK ANGLE IS THE BANK ANGLE TO BE USED IN

FLOATING PCINT RADIANS, AND WHOSE RANGE IS SUCH THAT

+ 0 < BANK ANGLE <2_ A NEGATIVE BANK ANGLE REPRE-

SENTS CONSTANT ROLL RAIE AND HENCE, ZERO LIFT.

THRUST INDICATOR INDICATES WHETHER OR NOT THE

ACCELERATION DUE TO THE NOMINAL ON-BUARD PROPULSION

IS TO BE INCLUDED IN THE INTEGRATION. IF THIS

THRUST INDICATOR EQUALS O, THIS ACCELERATION WILL

NOT BE TAKEN IN ACCOUNT. IF THE THRUST INDICATOR IS

NCNZERO, THIS ACCELERATION WILL BE COMPUTED.

CAPSULE WEIGHT IS THE WEIGHT OF THE SPACECRAFT

IN FLOATING POINT POUNDS.

INPUT/OUTPUT REQUIREMENTS FOR TYPE 3 INTEGRATION

TYPE 3 INTEGRATION GENERATES AN ORBIT OR REENTRY

TABLE GF _ AND _ VECTORS AND A CORRESPONDING TABLE

OF HEIGHTS (H). THESE TABLES ARE USUALLY USED TO

CCMPUTE THE GMTRC AND BECAUSE THESE TABLES ARE USED

BY INTERPOLATION PROGRAMS, IT IS NECESSARY TO HAVE

THREE HEIGHTS IN THE TABLE BELOW HCRIT ,. A CRITERION

HEIGHT SPECIFIED IN THE CALLING SEQUENCE. THE MAXI-

MUM NUMBER OF ENTRIES IN THE TABLES AND THE INTERVAL

BETWEEN EACH ENTRY IS ALSO GIVEN IN THE CALLING SE-

QUENCE.
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CALLING SEQUENCE -

TSX CORKNI,4

PZE L(INPUT),tL _,_ OUTPUT TABLE)

PZE KOOOO3,,L(STEP SIZE)

PZE L|NUMBER OF STEPS FORWARD),t

L(NUMBER OF STEPS BACKWARD)

PZE L(BANK ANGLE),,LIOUTPUI H TABLE)

PZE L(CAPSULE WEiGHT},,L(CRITERION

HEIGHT)

ERROR RETURN

NORMAL RETURN

INPUT IS A SEVEN-LOCATION TABLE CONTAINING THE

t,_,_ TO BE INTEGRATED, WHERE t IS IN FLOATING

POINT SECONDS AND _ AND _ ARE IN FLOATING POINT

GEMINI UNITS.

_,_ OUTPUT TABLE IS A TABLE IN THE FORMATtl, tn,_I,

.... ARE IN FLOATING POINT91 ,rn-l,Vn-l'rn'Vn WHERF tI AND tn

SECC,_DS AND_i,V i ARE IN FLOATING POINT GEMINI UNITS.

KO0003 IS FIXED POINT THREE (3) AND INDICATES

INTEGRATION TYPE.

STEP SIZE IS GIVEN IN FLOATING POINT SECONDS.

THIS STEP SIZE WILL BE USED TO INTEGRATE BACKWARD

AND FORWARD. (THE INTEGRATOR CHANGES THE SIGN OF

TME STEP SIZE TO INTEGRATE BACKWARD.)

NUMBER OF STEPS FORWARD INDICATES THE MAXIMUM

NUMBER OF STEPS TO BE TAKEN WITH A POSITIVE STEP

SIZE. IF THREE VECTORS ARE GENERATED BELOW HCRIT

BEFORE THE NUMBER OF STEPS FORWARD IS DEPLETED, A

NORMAL EXIT WILL BE MADE. THAT IS, THE NUMBER OF

STEPS FORWARD IS FOREMOST A SAFETY FACTOR.
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NUMBER OF STEPS BACKWARD INDICATES THE NUMBER OF

STEPS TO BE TAKEN WITH A NEGATIVE STEP SIZE. TYPE

3 _ILL ALWAYS INTEGRATE THE SPECIFIED NUMBER OF

STEPS BACKWARD.

BANK ANGLE IS THE BANK ANGLE TO BE USED IN

FLOATING POINT RADIANS, AND WHOSE RANGE IS SUCH THAT

+ @_ BANK ANGLE_2_. A NEGATIVE RANK ANGLE REPRE-

SEhTS A CONSTANT ROLL RATE AND HENCE, ZERO LIFT.

CUTPUT H TABLE IS A TABLE IN THE F_RMATtl,tn,H1,H 2

Hn_I,Hn, WHERE tIAND tn ARE IN FLOATING POINT SECONDS AND H i

IK FLOATING POINT GEMINI UNITS.

CAPSULE WEIGHT IS THE WEIGHT OF THE SPACE CRAFT

IN FLOATING POINT POUNDS.

CRITERION HEIGHT_cRIT IS THE HEIGHT IN FLUATING

POINT GEMINI UNITS BELOW WHICH THREE VECTORS MUST BE

GENERATED.

(I_ BOTH OUTPUT TABLES THE TIMES OF THE ENTRIES ARE

ALWAYS SUCH THAT ti < ti + 1.)

UPON EXIT FROM TYPE 3 INTEGRATION THE VALUE OF THE

ACCUMULATOR INDICATES THE STATUS OF THE GENERATED TABLE -

A) IF THE SIGN OF THE AC IS POSITIVE, THERE IS CON-

TAINED IN THE TABLES AI LEAST ONE ENTRY WITH A

HEIGHT ABOVE HCRITAND THREE ENTRIES WITH HEIGHTS

BELOW HCRIT.

B) IF THE SIGN OF THE AC IS MINUS AND IHE AC IS

NONZERO, THERE IS CONTAINED IN THE TABLES AT

LEAST ONE ENTRY WITH A HEIGHT GREATER THAN HCRIT,

BUT THERE ARE NUT THREE ENTRIES WITH HEIGHIS

BELOW HCRIT.

C) IF THE SIGN OF THE AC IS MINUS AND THE AC IS

ZERO, T_ERE IS NO ENTRY IN THE TABLE WITH A

HEIGHT GREATER THAN HCRIT.
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INPUI/CUTPUT REQUIREMENTS FOR TYPE 4 INTEGRATION

TYPE 6 INTEGRATION IS USED TO GENERATE AN ORBIT OR

REENTRY TABLE OFT AND_ VECTORS. TYPE 4 INTEGRATES UNTIL

A VECTOR WITH A HEIGHT BELOW HSTOp{A HEIGHT SPECIFIED IN

THE CALLING SEQUENCE) IS GENERATED_ []R THE NUMBER OF

STEPS FCRWARD (AS SPECIFIED IN THE CALLING SEQUENCE) IS

CORKNIt6

L(INPUT)_,L( r,v OUTPUT TABLE)

KOCOO6,,6{STEP SIZE)

L(NUMBER OF SIEPS FORWARD),,

L(NUMBER OF STEPS BACKWARD)

PZE L{BANK ANGLE)it.*

PZE L|CAPSULE WEIGHT),t

L(STOPPING HEIGHT)

ERROR RETURN

NORMAL RETURN

INPUT IS A SEVEN-LOCATION TABLE CONTAINING THE t,_,_

TO BE INTEGRATED WHERE t IS IN FLOATING POINT SECONDS AND

AND _ ARE IN FLOATING POINT GEMINI UNITS.

r, v OUTPUT TABLE IS A TABLE IN THE FORMATtl,tn,_I,_ 1.....rn_l,Vn_l,

Pn,_n WHEREt I AND tn ARE IN FLOATING POINT SECONDS AND

Pi ANDV i ARE IN FhOATING POINT GEMINI UNITS.

KO0004 IS FIXED POINT FOUR (4) AND INDICATES INTE-

GRATION TYPE.

STEP SIZE IS IN FLOATING POINT SECONDS.

NUMBER OF STEPS FORWARD IS GIVEN IN FIXED POINT.

A NORMAL EXIT IS MADE FROM THE PROGRAM IF A VECTOR BELOW

HSTopIS REACHED EVEN IF THE NUMBER OF STEPS FORWARD IS

NOT DEPLETED.

DEPLETED.

CALLING SEQUENCE -

TSX

PZE

PZE

PZE

476



VOL III REAL TIME PROCESSORS PAR[ [ - LAUNCH/ABO_T

NUMBER OF STEPS BACKWARD IS A FIXED POINT NUMBER AND

TYPE 4 INTEGRATES THE SPECIFIED NUMBER OF STEPS WITH A

NEGATIVE STEP SIZE.

BANK ANGLE IS THE BANK ANGLE TO BE USED IN FLOATING

POINT RADIANS, AND WHOSE RANGE IS SUCH THAT ÷0_ BANK

ANGLE <2_ .A NEGATIVE BANK ANGLE REPRESENTS A CONSTANT

ROLL RATE AND HENCE, ZERO LIFT.

CAPSULE WEIGHT IS THE WEIGHT OF THE SPACECRAFT IN

FLOATING POINT POUNDS.

STOPPING HEIGHT HSTOP IS THE HEIGHT IN FLOATING

POINT GEMINI UNITS BELOW WHICH INTEGRATION TYPE 4 STOPS

INTEGRATING FORWARD.

UPON EXIT FROM TYPE 4, THE ACCUMULATOR GIVES THE

STATUS OF THE GENERATED TABLE.

A) IF THE SIGN OF THE AC IS POSITIVE, THE TABLE HAS

ONE ENTRY WITH A HEIGHT EQUAL TO OR LESS THAN HSTOP.

B) IF THE SIGN OF THE AC IS MINUS, THE TABLE HAS NO

ENTRY WITH A HEIGHT EQUAL TO OR LESS THAN HSTOP.

METHCD

A. INITIALIZATICN -

THE PROGRAM FIRST COMPUTES THOSE QUANTITIES AND SETS

INDICATORS WHICH ARE USED BY ALL FOUR TYPES OF INTEGRA-

TION. THESE INCLUDE THE SAVING OF INDEX REGISTERS, SET-

TING UP OF INPUT AND THE OUTPUT ADDRESS, SETTING THE

FIRST PASS AND THRUST INDICATORS, FIXING THE NUMBER OF

STEPS FCRWARD AND SETTING THE SPECIFIED INTEGRATION TYPE.
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IT IS aLSO NECESSARY TO COMPUTE THE RATIO IN) OF THE

AREA OF THE SPACECRAFT TO THE MASS OF THE SPACECRAFT IN

GEMINI UNITS WHICH IS USED BY C4DRFT.

N = area of S/C (meters 2} mass of Oemini ear_ (kg}_ 1
mass ofS/C (lbs} " Geminilength unit(metersZ}" # ofkg/lb

ALL IHE FACTORS INVOLVED IN COMPUTING N, WITH IHE EXCEP-

TION OF THE MASS OF THE S/C, ARE CONTAINED IN TC.WCF.

THUS, IN REAL TIME THE ONLY COMPUTATION NECESSARY IS

= e (TC.WCF}
N mass ofS/C (lbs}

N IS STORED IN T.HI.FN FOR USE BY C4DRFT.
2

NEXT, THE SINE AND COSINE OF THE BANK ANGLE ARE COM-

PUTED AND STOPEO IN TCSNBA AND TCCSBA

CONTROL IS THEN TRANSFERRED TO ONE END OF THE FOUR

TYPES OF INTEGRATION, TO FINISH IN A SPECIFIC WAY, THE

INITIALIZATION PARTICULAR TO THAT TYPE OF INTEGRATION.

A) TYPE I DETERMINES THE HEIGHT OF THE ANCHOR VEC-

TOR, SETS THE PROPER STEP SIZE BLOCK, AND FIXES

THE _ECESSARY STEP SIZE INDICATORS. IT ALSO

SETS THE PROPER IMPACT HEIGHT.

B) TYPE 2 INTERROGATES THE THRUST INDICATOR ANO

SETS THE STEP SIZE TO BE USED.

C) TYPE 3 FIXES THE NUMBER OF BACKWARD STEPS, SETS

UP THE STEP SI/E TO BE USEU, AND ADJUSTS INDEX

REGISTERS FOR STORING IN THE TWO OUTPUT TABLES.

D) TYPE 4 INITIALIZES THE SAME WAY AS TYPE 3 WITH

THE FXECPTION OF STORING IN ONLY ONE OUTPUT

TABLE.
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B. MATHEMATICS OF RUNGE-KUTTA INTEGRATION -

THE RUNGE-KUTTA NUMERICAL INTEGRATION PROGRAM IS OF

THE FOURTH ORDER AND INTEGRATES SECOND-ORDER EQUATIONS OF

THE TYPE.

y"=f(x,y,y') -

THIS EGUATION IS INTEGRATED USING IHE FOLLOWING FORMULAS

(NUMERICAL MATHEMATICS ANALYSIS, J.B.SCARBOROUGH, THE

JOHNS HOPKINS PRESS, 1950, CHAPTER Xl, ART. 97 (B) (2).)

IN THE GIVEN ORDER -

kl=hf (x n,yn,yn )

h h ,+h kl
k 2=hf(x n+_,yn +2yn 8kl'Yn +-_)

h h h , +k2)__k 3=hf (x n+_,yn +2yn +8kl'yn

, h , +
k4=hf (xn+ h, Yn +hyn +2k3'yn k3 )

Ay=h +_(k I+ k2+ k3)

1
Ay'=_(k 1+ 2k2+2k 3+ k4) where n=O, 1, 2 ....

FOR THE GEMINI SYSTEM THE ABOVE GENERAL SECOND-ORDER

SCALAR EQUATION BECOMES THE VECTOR EQUATION _=f(t,_,_),

THAT IS A FUNCTION OF TIME, POSITION, AND VELOCITY. THE

ACCELERATION r IS EQUAL TOr +rd,+rl+rtWHERE
P

r IS THE ACCEUERATION OF THE SPACECRAFT DUE TO THE
P

POTENTIAL OF THE EARTH,

rd IS THE ACCELERATION OF THE SPACECRAFT DUE TO

ATMOSPHERIC DRAG,

rI IS THE ACCELERATION OF THE SPACECRAFT DUE TO
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LIFT, AND

r t IS THE ACCELERATION OF THE SPACECRAFT DUE TO THE

THRUST OF THE ON-BOARD PROPULSION SYSTEM.

IN THE GEMINI SYSTEM, h IS THE TIME INTERVAL OVER

WHICH CNE INTEGRATION STEP TAKES PLACE. IT IS USUALLY

REFERRED TO AS TFE STEP SIZE.

THE BASIC WORK IS DONE BY THE SUBROUTINES IN COM-

PUTING ThE ACCELERATION OVER THE INTERVAL. SINCE THE IN-

PUT IS ALWAYS THE COMPONENTS OF THE POSITION AND VELOCI-

TY VECTCRS, THE ACCELERATIONS ARE COMPUTED ALONG IHE COM-

PONENTS OF THE GEMINI COORDINATE SYSTEM. THUS, FOR EX-

AMPLE, THE NOTATION_p IS USED TO DENOTE THE ACCELERATION

DUE TO THE POTENTIAL OF THE EARTH ALONG THE AXES OF THE

GEMINI CUORDINATE SYSTEM.

TME ki FDRMULAS MUST THEN BE WRITTEN -

_11 =hf (t n,r ,r )n n

_22=hf (tn+h h" h_,rn+_l

h h • h_l,rn+ 2_____33= hf (tn+ _,_+_+_ )

_44=hf(tn +h'_n+hrn+h_33,rn+_2 k3)

z_=h + g(kl+ +

1 - 2_ 2 + 2k 3 + k4 )= g (kl + - _

THE INPUT F AND_ AT THE BEGI/_NING OF AN INTEGRA-
n n

TIEN STEP, I.E., ATt IS GIVEN TO C6HPEP AND C4DRFI,
n

WHICH COMPUTE THE ACCELERATIONS AT IHE BEGINNING OF THE
"_2"

: -" + rd+r +Y (orr),INTERVAL. THUS WE HAVE COMPUTED t (tn, rn, rn) = rp 1 t
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_ii "-2
AND = h r.

.... .L h

IN ORDER TO COMPUTE k2 (attn . _,T;_E_ I:_PUT TO C6HPEP
k1

AND C_CRFT BECOMES_ +h- +h_
n 2-'n 81andYn+ _-2-"THFIR OUTPUT IS AN

APPROXIMATION OF THE TOIAL ACCEL[RATION AT THE MIDDLE OF

THE INTERVAL. AGAIN k-22=hY.

IN COMPUTING E3 THE INPUT FUR EVALUATING THE ''RE-

ESTIMATEP,'' ACCELERATIONS AT_IHE MIEDLE OF THE INTERVAL

k2
(attn+ 2h-)is_ +

h h
__ ThE FIRST INDEPENDENT

n 2Yn + 8kl andrn + 2 "

VARIABLE (POSITION) IS IDENTICAL TO THE SAME VARIABLE

USED IN COMPUTING k2" THEREFORE, THOSE FUNCTIONS USED IN

COMPUTING ACCELERATIONS WHICH ARE FUNCTIONS OF POSITION

ONLY, NEEC NOT BE RECOMPUTED FOR THE FVALUATION OF k3.

THIS SYMMETRY SAVES A CONSIDERABLE AMOUNT OF MACHINE TIME

AND IS ONE OF THE REASONS FOR CHOOSING THIS FORM OF NU-

MERICAL INTEGRATION EQUATIONS. IT IS SIMPLE THEN TO

COMPUTE_R- h r.

FINALLY, IN APPROXIMATING THE ACCELERATION AT THE

END OF THE INTERVAL(aLL +b)CbHPEP AN5 C4DRFT USE AS INPUT
n

--rn+hrn+hk3_- ANOYn+k3. AGAINk4 =hi"

THE POSITION AND VELOCITY VECTORS AT THE END OF THIS

INTEGRATION STEP, WHICH CAN BE USED AS INPUT FOR ANOTHER

INTEGRATION STEP ARE

=- +hlr+l - k2 k3) 1_n+ 1 rn 6(kl + + and

rn+l=r + + +2k + ).n 6 1 3
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USAGE

A)

B)

At
L.O

(SECONDS)

g4

ERROR CONDITIONS -

IN ALL FOUR TYPES OF INTEGRATION AN ERROR RETURN

MAY BE THE RESULT OF AN ERROR RETURN FROM THE

SUBROUTINES C6HPEP AND C4DRFT OR FROM THE LIB-

RARY SUBROUTINE UISICO. IN ADDITION, TYPE 1

INTEGRATION CAN GIVE AN EROR RETURN FROM A DE-

PLETION OF THE SAFETY COUNT BEFOREHIMPACTIS

REACHED OR FROM AN ERROR RETURN FROM C3GSCP.

THE PROGRAM ITSELF GIVES AN ERROR RETURN IF THE

INTEGRAIIDN TYPE SPECIFIED IS NOT A FIXED POINT

I, 2t 3 OR 4.

TIME REQUIRED -

TYPE I - THE TIME REQUIRED TO PREDICT AN IMPACT

POINT BASICALLY DEPENDS UPON THE POSITION AND

VELOCITY OF THE INPUT VECTOR. SMALL VARIATIONS

IN TIME ARE DUE TO THE NUMBER OF STEP SIZE

CHANGES NEEDED AND ALSO TO WHERE IN THE TRAJEC-

TORY THIS CtIANGE OCCURS. SOME AVERAGE TIMES ARE

SHOWN BELOW. THESE VECTORS WERE TAKEN FROM A

NOMINAL GT-I TRAJECTORY AND INTEGRATED TO

60,000 FEET.

ANCHOR VECTOR

HEIGHT

(FEET)

12,000

LIFT

CONF IGURAT ION

NONE

MAXIMUM

6C ° BANK ANGLE

NONE

TIMING

(MILLI-

SECONDS)

IOl

156

166

128
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(SECONDS)

ANCHOR VECTOR

HEIGHT

(FEET)

LIFT

CONFIGURATION

104 84,000 MAXIMUM

60° BANK ANGLE

NONE

160 227t000 MAXIMUM

60 ° DANK ANGLE

NONE

275 489t000 MAXIMUM

60 ° BANK ANGLE

NONE

315 533,000 MAXIMUM

60 ° BANK ANGLE

NONE

335 531,000 MAXIMUM

60 ° BANK ANGLE

TYPE 2 - IIMING FOR TYPE 2 INTEGRAIION IS

NC LIFT - 10 MILLISECONDS/STEP*

MAXIMUM LIFT - 13 MILLISECONDS/STEP,

TIMING

(MILLI-

SECONDS)

197

211

147

217

234

7O

114

I17

9O

141

141

134

234

233

( IF THRUST IS TO BE COMPUTED, ADD 4.5 MILLI-

SECONDS/STEP.)

60 ° BA - 15 MILLISECONDS/STEP*

TYPE 3 - ADD 0.2 MILLISECONO/STEP TO TYPE 2 TIMINGS AND

CONSIDER 0.4 MILLISECONDS FOR INITIALIZATION.

TYPE 4 - ADD 0.i MILLISECOND/STEP TG TYPE 2 TIMINGS AND

CONSIDER 0.3 MILLISECOND FOR INITIALIZATION.

483



VOL III REAL TIME PROCESSORS PART [ - LAUNCH/ABORT

C) STORAGE REQUIRED - 780 LOCATIONS EXCLUDING THAT

REQUIRED BY SUBROUTINES, EXTERNAL CUNSTANTS, AND

EXTERNAL TABLES.

D) CHECKOUT - PORTIONS OF THE INTEGRATOR WITH THE

EXCEPTICN OF THE LIFT ANO THRUST FUNCTIONS WERE

CHECKEO AGAINST THE MA-9 INTEGRATOR. IN TYPE 1

INTEGRATION, EFFORTS WERE MADE TO LIMIT THE

DISTANCE BETWEEN IMPACTS GENERATED BY CORKNI AND

THE MA-q INTEGRATOR TO THREE MILES. THE OTHER

TYPES OF INTEGRATION WERE CHECKED _ITH BALLISTIC

TRAJECTCRIES AND WERE FOUND TO COMPARE EXTREMELY

WELL WITH THE MA-9 SYSTEM.

LIFTING REENTRY TRAJECTURIES COMPARE CLOSELY TO

LIFTING REENTRY TRAJECTORIES OF MSC IN HOUSTON.

TRAJECTCRIES WITH THRUST WERE SATISFACTORILY

COMPARED WITH THE GEMINI SYSTEM ORBIT INTEGRATUR

AT GODDARD.

CORKNI FLOW CHART SYMBOLS

N (OR G) - NUMBER OF FORWARD INTEGRATION STEPS
P

N b - hUMBER OF BACKWARD INTEGRAIICN STEPS

e - FIRST INTEGRATI(]N STEP INDICATOR

T
p - THRUST COMPUTATION INDICATUR

A

V¢

k
W

C.
1

F.
I

1

TI_ - STEP SIZE VECTOR CURRENTLY IN USE

- AREA OF SPACECRAFT

- _EIGHT OF SPACECRAFT

- CONVERTS A/W TO GEMINI UNITS

- HEIGHT CRITERION FOR CHANGING STEP SIZE

- STEP SIZE INDICATOR

- STEP SIZE VECTOR
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CORKNI FLOW CHART SYMBOLS (CONTINUED)

H

Bm

M

Q

h

- HEIGHT OF SPACECRAFT

- BANK ANGLE

- INDICATES NUMBER OF TIMES Fi_ I IS USED ABOVE Ci

- KEY FOR INTERPOLATION FOR IMPACT (TYPE I)

- STEP SIZE (TYPE Z, TYPE 3, ÷ TYPE 4)
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•. :.............:
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• •NO LARGE STEP SIZE INTO

HIMPACT-TYPE I F4 INTO T F

° 4 INTO F

IICIIIT- TYPE 3 • • _ES C 4 INTO C 6
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• • • e CORFB
• ****lllmoeeeee*

:el• • • •NO. °INToISMALL_ STEPF FSIZE

• A0 * DOES e -0 • .......... ..°.Xe 1' 2' 3' 4

• * • * :FIINTO T l INTO F

e ••*•.l•l*e*eeee

• _ES °

:X ................................

A
e

• •NO _•*e e

• IS HOT C 3 •X A0 *
• •ASRe

• • e ••••

°

.

A
COR3C e * CORSI

• • ee••i••••eeeee*
• eYES • • ••*•

- is P-3 ............... x: o I.TO. :...; OT'.
• *686e

• . .- : ............. : ....
• _o

;
• CORNS EOREH

• • e **•eim••••****•

• " .Y_S :--. : _TOF i :'".
IS F=4 • ........ eS3 .°go 4INTO M *...X BI *

• :..* : csINToc S : :_.
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• * • •
• • e •

..... N0 :..... ..o :....

•**CO ••• * NI TYPE -2 • * ........ •*DO*• • DOES NS[ TYPE • *Xe._9oeAD *

;ES " ;_S

CORT2 CORES

_STEP SIZE (h) •

:INTO TFI INFTO _

e•i••••i••m•.•t

2Is COMPL C(4,4)3-17

INTO XR4

• • d0

*

• IS THERE • ........
THRUST e

•
YES

: SeT ,p NOT-0:

e

:CORUT

i:". _;;;o_;_
• cO3 • _pAND H •
.. . • •

°eeo • AT r_ •

iX ................ i

• * CORSI CORSS

• • m••e•eee*ee•ee• eeeeeeeeeeeeeee
• •NO e •ee• ••• eC6HPEPCOMPUTEe

• IS Ms0 ............... X_ N-I INTO N _..._ 07Re _C6 ••• T ANDHAT_ ee
• • e486• • • • P _ •

e o i tilt eel l i

• • tee•legit•item• lee•eRe•••Re•el

_ES

e_ie•eeeee•_ORSI • CORER

e3INTO F • •eee • • • eYES eeel

:F3INTO T F :°.._ OTt• " IS THERE AN • e; C2"*
ERROR e_Sbe

C INTO C : -686•
• e_te•••e_e•••e e•e• • • • R••m

.......... X• AO •
•¢91•
He•

CORII

X
• • CORER

eYES •**•

• IS THERE AN e •_ C2*•

• ERROR •_86•

.

;
• COR$6

• •NU
e • •*••e

• • = 0 el C6•
• * •

e • Re•
• •

• _ES

e•e••••e*•••eet **•e••e••*•e•••
** • • _ _ IN'rc) 0 2 •

• , • • .n n ' .
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] OF PAGE

e X.
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• N b + 1 GT 1 •X AO •

• • •_.Ege
• • **•e
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2'sCOMPL L ( _, _ OUTPUT TABLE)
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C(XR2) INTO S 2 2's COMPLEMENT
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:o•••eeeeeeeeo•
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• • • • • •
• * • * e *

:Re e • • •NO• • mYES• • eYES• • •

eAO • H IS GT C 2 • ............................................. X H IS LT [ • ............ X IS e - 0 • ........
• • • • • ( IMPACT| 1 •
go• • e • •

• • • • •
• e •

• YES ;m ;m

CORZC • tORSI
••tell•lee•tell

• '' ".YES : • :.....: ............. :

F'2 • .............. X• O INTO N :...X 07 • e H INTO G I :• • • m486*
i

• • : ............. : .... : ............. :
e

• NO

• X ............................... ;

• • • tOR|C • * CORSE
• • * * • •

• eYES • eNO • eYES •tee
• • • • •

• E-X • ............ X R-O • ........ • F-I *_ •Tee

•486e

e • e we* • e e e ° • e e o eoee

• * NO * _ES * * _O

•
•

; ;
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• eYES * 2 INTO F : :*ee• • eYES *i inTO F : :ee* e .• •
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m • • CORiF CORHT

• e *t**ama••••****

_** • • •NO : • ***
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54. CGHPEP - COMPUTATION OF GEOCENIRIC HEIGHT AND

ACCELERATIGN DUE TO THE POTENTIAL OF THE EARTH

THIS PROGRAM COMPUTES THE PARIIAL DERIVATIVES OF THE

POTENTIAL FUNCIICN OF THE EARTH WITH RESPECT TO X, Y, Z

CF THE GEMINI COORDINATE SYSTEM. THESE PARTIALS ARE THE

COMPONENTS OF THE ACCELERATION OF THE SPACECRAFT DUE TO

THE POTENTIAL OF THE EARTH. THE GEOCENTRIC HEIGHT OF THE

SPACECRAFT IS ALSO COMPUTED. THIS PRDGRAM IS A SUBROUTINE

OF THE LAUNCH NUMERICAL INTEGRATION PROGRAM C_RKNI.

(SEE FLOWCHART.)

INPUT

A)

B)

C)

A THREE-LOCATIGN TABLE CONTAINING THE COMPONENTS

OF _ IN FLOATING POINT GEMINI UNITS IS INPUT TO

THE PROGRAM.

THE LIBRARY SUBROUTINE UISQRT IS USED.

CONSTANTS -

K. INB2 DEC 1,0067383 FLOATING POINT INVERSE OF

THE GEMINI SPHEROID SEMI-

MINOR AXIS SQUARED IN

GEMINI UNITS

KJ.2HC CEC .00162345 FLOATING POINT SECOND

HARMCNIC COEFFICIENT IN THE

EARTH'S POTENTIAL FUNCTION

KOGI.O UEC I.O FLOATING POINT ONE

KOC2.0 DEC 2.0 FLOATING POINT TWO

KO05.0 DEC 5.0 FLOATING POINT FIVE
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OUTPUT

A FOUR-LOCATION TABLE CONTAINING, RESPECTIVELY, THE
DO DO

PARTIAL DERIVATIVES (Xp, Yp, Zp ) OF THE EARTH'S POTENTIAL

FUNCTION AND THE GEOCENTRIC HEIGHT OF THE SPACECRAFI IS

OUTPUT FROM THE PROGRAM. ALL OUTPUT IS IN FLOATING POINT

GEMINI UNITS.

METHOD

THIS PROGRAM IS AN ADAPTATION OF THE MERCURY ORBIT

PHASE PROGRAM N6CPEP. THE MATHEMATICAL METHODS USED ARE

THE SAME, BUT THE LOGIC NOT NECESSARY FOR LAUNCH HAS BEEN

ELIMINATED IN ORDER TO DECREASE MACHINE TIME. HOWEVER,

C6HPEP ALSO COMPUTES THE HEIGtIT OF THE SPACECRAFT.

TFE FUNCTICN OF THE EARTH'S POTENTIAL AT A DISTANCE,

r, FRC_ ThE EARTH'S MASS CENTER AND AT A GEOCENTRIC

LATITUGE @ IS GIVEN BY -

T +T P2

WHERE

/_ = 1

a = 1

sine" = z__
r

P2 =

t =

P3 -_( 4

(THE GEMINI UNIT OF TIME WAS CHOSEN SO THAT

THIS GEOCENTRIC GRAVITATIONAL CONSTANT : I.)

(SEMI-MAJOR AXIS OF TIIE GEMINI SPHEROID)

(GEOCENTRIC LATITUDE)

1-3 SIN (A LEGENDRE POLYNOMIAL)

1623.45 X lO (SECOND HARMONIC COEFFICIENT)

IN THE GEMINI SYSTEM THE EXPRESSION FOR THE

POTENTIAL FUNCTION IS APPROXIMATED BY TRUNCATION AFTER

THE SECOND HARMONIC TERM. THE PARTIAL DERIVATIVES UF THE

POTENTIAL FUNCTICN ARE -
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3X r 3 \-_ - -

OY r 3 _ \r

= -_- - r3 _-_k r2 - -/_.1

THE GEOCENTRIC HEIGHT OF THE SPACECRAFT IS COMPUTED

USING THE E:UATICN h=r-R e WHERE R e IS THE RADIUS OF THE

EARTH AND

Re X=_/_2 + y2 + Z 2
+ y2 + Z2/b 2

(FOR A DERIVATION OF THIS EXPRESSION, REFER TO THE

EARTH RADIUS DETERMINATION PROGRAM, BOSCER}.

THE GEMINI CRBIT SYSTEM NUMERICAL INTEGRATION

PROGRAM, NOCPNI, MAKES USE OF A3GSCP TO CALCULATE THE

HEIGHT OF THE SPACECRAFT. HOWEVFR, COMPARISON OF A3GSCP

MEIGHTS WITH THOSE OF THE ABOVE METHOD SHOW THAT THE

DIFFERENCE IN HEIGHT NEVER EXCEEDS SIX FEET FOR AN ORBIT

WITH AN APOGEE OF 174 NAUTICAL MILES. THIS MAXIMUM DIF-

FERENCE OCCURS AT APOGEE WHEN APOGEE IS AT 40 ° LATITUDE.

FOR AN ORBIT WITH AN APOGEE OF 435 NAUTICAL MILES OC-
0

CURRING AT 45 , THE HEIGHTS DIFFER BY NOT MORE THAN 15

FEET.

THE METHCD OUTLINED ABOVE RESULTS IN A CONSIDERABLE

SAVING CF MACHINE TIME. THEREFORE, IT HAS BEEN ADAPTED I_

PLACE CF A3GSCP TO COMPUTE THE HEIGHT OF THE SPACECRAFT.
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USAGE

A) CALLING SEQUENCE -

TSX C6HPEP,4

PZE L(INPUTI,,L(OUTPUT)

ERROR RETURN

NORMAL RETURN

Bl STORAGE REQUIRED -

76 LOCATIONS EXCLUDING THOSE REQUIRED BY UISQRT.

C) ERROR CONDITIONS -

AN ERROR RETURN IS A RESULT OF AN ERRUR RETURN

FROM UISQRT.

D) TIME REGUIRED (7094} -

0.778 MILLISECONDS (MAXIMUM) INCLUDING TIME

REQUIRED BY UISQRT.

E) CHECKOUT -

RESULTS OF C6HPEP WERE C(]MPARED AGAINST THOSE OF

N6OPEP AND THESE WERE SATISFACTORY.
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55. C4DRFT - CCMPUTATION OF ACCELERATION DUE TO DRAGt

LIFT, AND TERUST

THIS PROGRAM COMPUTES THE COMBINED ACCELERATION OF

THE SPACECRAFT DUE TO DRAG, LIFT, AND THRUST. THIS AC-

CELERATION IS COMPUTED ALONG THE AXES OF THE GEMINI CO-

ORDINATE SYSTEM. IT IS A SUBROUTINE OF THE LAUNCH NUME-

RICAL INTEGRATICN PROGRAM, CORKNI. (SEE FLOWCHART.)

INPUT

A)

B)

CALLING SEQUENCE REQUIREMENTS -

L(INPUT) - ADDRESS OF A SIX-LOCATION TABLE CON-

TAINING TEE COMPONENTS OF THE POSITION AND VELO-

CITY IN FLOATING POINT GEMINI UNITS

L(H) - ACDRESS OF A CELL CCNTAINING THE HEIGHT

OF-THE SPACECRAFT IN FLOATING POINT GEMINI UNITS

L(B) - ADGRESS OF A CELL CCNTAINING THE BANK

ANGLE IN FLOATING POINT RAglANS

LITp) - ADDRESS OF A CELL CONTAINING THE THRUST

COMPUTATION INDICATOR IN FIXED POINT

Tp : 0 DO NOT COMPUTE THRUST

Tp _ 0 COMPUTE THRUST

LIRHO I) - ADDRESS OF A CELL CONTAINING THE DEN-

SITY COMPUTATION INDICATOR IN FIXED POINT

RHOI : 0 90 NOT COMPUTE DENSITY

RHC I # _ COMPUTE DENSITY

SUBROUTINES C4PDEN AND C4CUEF AND LIBRARY ROU-

TINES U3VMAG AND UISQRT ARE USED.

CONSTANTS -

KMCO00 DEC -0 MINUS ZERO

KO0000 DEC 0 ZERU
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DI

KOCI.O DEC 1.0 FLOATING POINT ONE

KOOC03 CEC 3 FIXED POINT THREE

K.OMEG DEC ,058833780 FLOATING POINT ROTAIIONAL

VELOCITY OF GEMINI SPHE-

ROID IN RADIANS/GEMINI

TIME UNIT

K.MOMG DEC -.058833780 FLOATING POINT MINUS RO-

TATIONAL VELOCITY OF GE-

MINI SPHEROID IN RADIANSI

GEMINI TIME UNIT

KO.RAD DEC 6378165,0 FLOATING POINT EQUATORIAL

RADIUS OF GEMINI SPHEROID

IN METERS

TABLES -

T.HLFN

TC,CNA

TCCSBA

TCSNBA

TCPDEN

A ONE-LOCATION TABLE CONTAINING MINUS

CNE-HALF THE RAIIO OF THE AREA OF THE

SPACECRAFT TO THE MASS OF THE SPACE-

CRAFT IN FLOATING POINT GEMINI UNITS

A ONE-LOCATION TABLE CONTAINING THE

ACCELERATION DUE TO THE NOMINAL ON-

BOARD PROPULSION IN FLOATING POINT

GEMINI ACCELERATION UNITS

A ONE-LOCATION TABLE CONTAINING THE

FLOATING POINT COSINE OF THE BANK

ANGLE

A ONE-LOCATION TABLE CONTAINING THE

FLOATING POINT SINE OF THE BANK ANGLE

A ONE-LOCATION TABLE TO BE USED AS THE

OUTPUT TABLE BY C4PDEN WHICH CONTAINS

THE ATMOSPHERIC DENSITY IN FLOATING

POINT GEMINI UNITS
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OUTPUT

A TEREE-LOCATION TABLE CONTAINING THE COMPONENTS OF

THE ACCELERATION VECTOR DUE TO DRAG, LIFT, AND THRUST IN

FLOATING POINT GEMINI UNITS IS OUTPbT FROM THE PROGRAM.

METHOD

THIS PROGRAM IS IN PART AN ADAPTATION OF THE ORBIT

PHASE PROGRAM, N4DRAG. LOGIC NOT NECESSARY FOR LAUNCH IS

ELIMINATED TO DECREASE MACHINE TIME. HOWEVER, THE MATHE-

MATICAL METHODS USED ARE THE SAME AS IN N4DRAG. IN ADDI-

TION, COMPUTATIONS REQUIRED FOR LIFI AND THRUST ARE IN-

CLUGED IN THE PROGRAM.

THE COMPONENTS OF THE ACCELERATION VECTOR DUE TO

DRAG AND LIFT ARE COMPUTED USING THE FOLLOWING EQUATIONS

= 1 NVR_R)rD -2 (CoP

I[ 2* --* ]r L=_ CLPNV R(p cos B-h sinB)

WHERE

1/2CDPNV2R IS THE MAGNITUDE OF THE ACCELERATION DUE

TO THE DRAG FORCE 1

R
IS THE DIRECTION OF THE DRAG ACCELERATION

vR
IS THE MAGNITUDE OF THE ACCELERATION DUE

1/2 (CLPNCR TO THE LIFTING FORCE 2

(p*cosB-h*sinB) IS THE DIRECTION OF THE LIFTING

ACCELERATION 8

l AN INTRODUCTION TO ASTRDDYNAMICS, BAKER AND MAKEMSON,

ACADEMIC PRESS, INC.,NEW YORK,N.Y., X960, PP.207-208.

2 DYNAMICS OF ATMOSPHERIC ENTRY, R.L.DUNCAN, MCGRAW-HILL

BOOK COMPANY,INC., NEW YORK,N.Y., 1962, P.84.

3 BAKER AND MAKEMSON, P.167.
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CD AND C L ARE THE COEFFICIENTS OF DRAG AND LIFT RE-

SPECTIVELY {COMPUTED IN C4COEF)

P IS THE ATMOSPHERIC DENSITY {CUMPUTED IN C4PDEN}

vR IS THE MAGNITUDE OF THE RELATIVE VELOCITY VECTOR

B IS T_E BANK ANGLE OF THE SPACECRAFT

p*= ,wherep=v Rx(rxvR)

h
h* = _, where h = r x v R

N IS THE RATIO OF THE AREA OF IHE SPACECRAFT TO THE

MASS OF THE SPACECRAFT.

ALL FACTORS ARE IN FLOATING POINT GEMINI UNITS WITH

THE EXCEPTION OF CD AND C L WHICH ARE DIMENSIONLESS, AND

B WHICH IS IN RACIANS.

THE HEIGHT OF THE SPACECRAFT IN GEOPOTENTIAL METERS,

Hw, IS CO_PUTED USING THE FOLLOWING E_UATION -

H*=_
1+ H

WHERE H IS THE HEIGHT IN GEMINI UNITS AND K 0 IS THE

RADIUS OF THE GEMINI SPHEROID IN METERS_

GIVEN THE COMPONENTS OF THE POSITION AND VELOCITY

VECTORS, THE COMPONENTS OF THE RELATIVE VELOCITY VECTOR

_R ARE -

_a= - x

4 BAKER AND MAKEMSON, P.104.
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WHERE w IS THE ROTATIONAL VELOCIrY OF THE GEMINI SPHEROID

IN RADIANS/GEMINI TIME UNIT.

ACCELERATION DUE TO THRUST IS COMPUTED USING

.. _ A _ A sin7

r T cos7 Ivl eos_ Irl

WHERE

A IS THE NOMINAL THRUSTING ACCELERATION IN GEMINI

ACCELERATION UNITS

y IS TEE FLIGHT PATH ANGLE IN RADIANS

T IS THE INERTIAL VELOCITY vECrOR

Ivl IS THE MAGNITUDE OF THE INERTIAL VELOCITY VECTOR

r IS THE INERTIAL POSITION VECTOR

Irl IS THE MAGNITUDE OF THE INERTIAL POSITION VECTOR

COMPUTATION OF THRUST IN THIS WAY ASSUMES THAT THE PITCH,

ROLL, AND YAW ANGLES ARE ZERO.

USAGE

A) CALLING SEQUENCE -

TSX C4DRFT,4

PZE LiINPUT,,LiOUTPUI)

PZE L(H)ttL(B)

PZE LIIplt,LIRHO I )

ERROR RETURN

NORMAL RETURN

(THE RAhGE OF ANY FIXED BANK ANGLE, B, IS SUCH

THAT+O<B<2_, WHERE B IS EXPRESSEO IN RADIANS.

A NEGATIVE BANK ANGLE REPRESENTS CONSTANT ROLL

RATE AND HENCE ZERO LIFr.)
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B) STORAGE REQUIRED - 2Bl LOCATIONS EXCLUDING THAT

REQUIRED BY EXTERNAL CONSTANTS AND SUBROUTINES.

C) ERROR CONDITIONS - AN ERROR RETURN RESULTS FROM

AN ERROR RETURN FROM A SUBROUTINE.

D) TIME REQUIRED (7094) - 4.294 MILLISECONDS {MAXl-

MUM) INCLUDING THE MAXIMUM TIME FOR ALL SUBROLI-

TINES.

DERIVATION OF VELOCITY VECTOR DUE TO THE EARTH'S ROTATION

C

0

L

LET L BE A LINE COINCIDENT WITH THE EARTH'S ROTATIO-

NAL AXIS. LET _BE A VECTOR REPRESENTING THE ANGULAR

VELOCITY IMPARTED TO THE SPACECRAFT DUE TO THE ROTATION

OF THE EARTH. THUS, _ LIES ALONG L AND HAS LENGTH ]_I ,

THE CONSTANT VELOCITY OF THE ROTATICN OF THE EARTH IN RA-

DIANSIGEMINI TIME UNIT. IT HAS AS ITS DIRECTION THAT IN

WHICH A RIGHT-HANDED SCREW WOULD ADVANCE UNDER THE GIVEN

ROTATICN, I.E., IT PASSES THROUGH THE NORTH POLE.
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0 IS THE ORIGIN OF IHE GEMINI COORDINATE SYSTEM AND

C IS TME POSITION IN SPACE OCCUPIED BY THE SPACECRAFT.

LET _ REPRESENT IHE POSITION VECTOR OF [HE SPACECRAFT IN

THE GEMINI CEORDINAIE SYSTEM.

THE ROTATION ABOUT L IMPARTS TO C A LINEAR VELOCITY

WHIC_ IS DENOTED BY THE VECTOR e . SINCE THAT PART OF THE

VELOCITY OF C WHICH IS DUE TO THE ROATION OF THE EARTH

DESCRIBES A CIRCLE WITH CENTER M (A POINT ON L), e IS

PERPENDICULAR TO _ AND

{i) =I I MC

LET 0 BE THE ANGLE BETWEEN w AND r . THEN

(2) MC = Irl sin 0

SUBSTITUTING (2) INTO [I)

(3) l_l = ]_1 17l sin 0

HOWEVER, e IS PERPENDICULAR TO _ AND_ , AND HAS AS ITS

POSITIVE DIRECTION THAT IN WHICH A RIGHT HANDED SCREW

WOULD ADVANCE UNDER A ROTATION FROM _ TO _.

THEREFORE,

{4) _ = _x_

HENCE,

zc
,

X

i j k

oo

XY Z 0

THUS, TO REMOVE THE PORTION OF A GEMINI SYSIEM INER-

TIAL VELOCITY VECTOR WHICH IS DUE TO THE ROTATION OF THE
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EARTHt WE SUBTRACT FROM IT THE LINEAR VELOCITY _ AND
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CERIVATICN CF E:UATION FOR ACCELERATIOn! DUE TO SPACECRAFT

THRUST

P
--- -I_._ A -- P,. Ia ,,. __,.

i

r

Negative Flight Path Angle Positive Flight Path Angle

LET P BE THE LONGITUDINAL AXIS_ _ THE POSITION VEC-

TOR, T T_E VELOCITY VECTOR, AND _ THE FLIGHT PATH ANGLE

OF THE SPACECRAFT. LET A BE THE MAGNITUDE OF THE TOTAL

THRUST CF THE SPACECRAFT DUE TO ON-BOARD PROPULSION.

THIS THRUST LIES ALONG P AND IS DIRECTED AS SHOWN. (FOR

THESE COMPUTAIONS IT IS ASSUMED THAT THE PITCH, ROLL_ AND

YAW ANGLES CF THE SPACECRAFT ARE ZERO.)

LET r T DENOTE THE COMPONENTS OF THIS THRUST ACCE-

LERATION (A) ALCNG THE AXIS OF THE GEMINI COORDINATE

SYSTEM. BY VECTOR ADDITION

(I) r T = c +_

HOWE,VER_
A

(2) e - and
cos

b=c sin_=A sin
cos
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THESE TWC MAGNITUDES ARE DIRECTED AS FOLLOWS -

(3) C IS DIRECTED POSITIVELY ALONG T OR HAS DIREC-
V m

TIONI_ I b IS_ DIRECTED NEGATIVELY ALONG r OR HAS
r

DIRECTION Irl

SUBSTITUTING (2l AND (3) INTO (1),

"-" A V A sin _
r T oos_ i_l oo_ I_I
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56. C4PDEN - COMPUTATION OF ATMOSPHERIC DENSITY

THIS PROGRAM COMPUTES THE DENSITY OF THE ATMOSPHERE

CORRESPONDING TO A GIVEN ALTITUDE. IT IS A SUBROUTINE OF

C4DRFT, THE PROGRAM USED TO COMPUTE ACCELERATION DUE TO

DRAG, LIFTt AND THRUST, WHICH IS IN TURN A SUBROUTINE OF

THE LAUNCH NUMERICAL INTEGRATION PROGRAM, CORKNI. (SEE

FLOWCHART.)

INPUT

A)

B)

C)

A ONE-LOCATION TABLE CONTAINING THE HEIGHT OF

THE SPACECRAFT IN FLOATING POINT GEOPOTENTIAL

METERS IS INPUT TO THE PROGRAM.

THE LIBRARY SUBROUTINES UIEXPE AND UILOGE ARE

USED.

CONSTANTS -

KO0[.O DEC

K7OGK. DEC

KO4.M5 DEC

I.O

700000.

.000043425951

FLOATING POINT ONE

FLOATING POINT SEVEN

HUNDRED THOUSAND

CONVERSION FACTOR KGI

M3 TO GEMINI DENSITY

UNITS {GDU)

OUTPUT

A ONE-LOCATION TABLE CONTAINING THE DENSITY OF THE

ATMCSP_ERE IN FLOATING POINT GEMINI UNITS IS OUTPUT FROM

THE PROGRAM.
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METHOD

GIVEN AN H* (IN GEOPOTENTIAL METERS) THE FOLLOWING

CGMPUTATIONS ARE MADE, WHERE - p IS THE ATMOSPHERIC DEN-

SITY IN KGIM 3 . (CF. AN INTRODUCTION TO ASTRODYNAMICS,

BAKER AND MAKEMSON, ACADEMIC PRESS, INC., NEW YORK, 1960,

PP. 103-107.)

A)

B)

IF H* > 700,000 GEOPOTENTIAL METERS, P = O.

IF H* < 700,000 GEOPOTENTIAL METERS, THEN

Eo o-l.

WHERE

=28.g66, THE MOLECULAR WEIGHT OF AIR AT SEA

LEVEL

= 9.80665 M2/(SEC2M*) IS THE ACCELERATION DUE

TO GRAVITY AT HEIGHT H_

R* = 8.31439 . 10 3 JOULES/°K KG

Hb IS A BASE HEIGHT - ONE OF AN ELEVEN-LOCATION

TABLE - EXPRESSED IN GEOPOTENTIAL METERS.

(Tm)bIS A TEMPERATURE - ONE OF AN ELEVEN-
0

LOCATION TABLE - EXPRESSED IN K AT THE VARIOUS

BASE HEIGHTS.

In Pb IS A NATURAL LOGARITHM - ONE OF AN ELEVEN-

LOCATION TABLE - OF THE DENSITY AT THE VARIOUS

BASE HEIGHTS.

dTm
(Lm) b = d-d---H-_IS_.__A TEMPERATURE GRADIENT - ONE OF

AN ELEVEN-LOCATION TABLE - FOR REGIONS BETWEEN

THE VARIOUS BASE HEIGHTS.
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IN SOME ISOIHERMAL REGIONS, L
m

REGIONS

= O. IN THESE

m __H* - If*b-_
In p ----In Pb o g*o

in pp (in kg/m3)" " = e

p (in GDU) = 4.3425951 x 10-5p (in kg/m 3)

THE UNIT OF DENSITY FOR THE GEMINI SYSTEM IS DEFINE[)

TO BE (THE MASS OF THE EARTH)/(THE EQUATORIAL RADIUS OF

THE EARTH). THE MASS OF THE EARIH IS TAKEN AS 5.975 X

1024 KILCGRAMS AND THE EQUATORIAL DISTANCE AS b,378,165

METERS.

HENCE, p (GDU) = 4.3425951X 10 -5 p {KG/M3).

THE TABLES USED WERE OBTAINED FROM DATA TAKEN FROM

ARDC MODEL 1959 ATMOSPHERE.

USAGE

A)

B)

C)

CALLING SEQUENCE -

TSX C4PDEN,4

PZE LIINPUT),,L(OUTP_T)

ERRO_ RETURN

NORMAL RETURN

STCRAGE REQUIRED -

I15 DECIMAL LOCATIONS EXCLUDING STORAGE

REGUIREG BY SUBROUTINES AND EXTERNAL CONSTANTS.

TIME RECUIRED (7094) -

0.520 MILLISECONDS (MAXIMUM) INCLUDING 0.128

MILLISECONDS FOR UILOGE AND 0.200 MILLISECONDS

FOR UIEXPE.
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D)

E)

ERROR CCNDITIONS -

AN ERROR REIURN FROM C4PDEN IMPLIES AN ERROR

RETURN FROM A LIBRARY SUBROUTINE.

CHECKOUT -

RESULTS FROM C4PDEN WERE COMPARED _ITH THOSE OF

A DESK CALCULATOR. THESE WERE SATISFACTORY.
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5?. C4COEF - COMPUTATION OF COEFFICIENTS OF DRAG AND

LIFT

THIS PROGRAM COMPUTES THE COEFFICIENTS OF DRAG AND

OF LIFT CORRESPONDING TO A GIVEN ALTITUDE AND VELOCITY

OF THE SPACECRAFT. IT IS A SUBROUTINE OF C4DRFT, THE PRO-

GRAM USED TC COMPUTE THE TOTAL ACCELERATION DUE TO DRAG,

LIFT, AND THRUST, AND WHICH IS IN TURN A SUBROUTINE OF

THE LAUNCH NUMERICAL INTEGRATION PROGRAM, CORKNI. (SEE

FLOWCHART)

INPUT

A)

BI

C)

A TWO-LOCATION TABLE CONTAINING THE HEIGHT OF

THE SPACECRAFT AND THE MAGNITUDE OF THE RELATIVE

VELOCITY VECTOR OF THE SPACECRAFT IS INPUT TO

THE PROGRAM. THE HEIGHT IS IN FLOATING POINT

GEOPOTENTIAL METERS AND THE VELOCITY IS IN

FLOATING POINT GEMINI VELOCITY UNITS.

THE LIBRARY SUBROUTINE UISQRT IS USED.

CONSTANTS AND TABLES -

K,CTMN DEC 394.35520 CONVERTS RELA-

TIVE VELOCITY -

{GEMINI VELOCITY

UNITS)/{SQUARE

ROOT OF THE

MOLECULAR SCALE

TEMPERATURE) -

TO _ACH NUMBER

KSS.GU DEC 30.513261 1/{850 FEET/

SECOND IN GEMINI

VELOCITY UNITS)
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KGM3.5

TCSRTM

DEC g0147.607 30_,00_ FEET IN

GEDPOTENTIAL

METERS

A ONE-LOCATION TABLE CONTAINING THE

SQUARE ROOT OF T M (THE MOLECULAR

SCALE TEMPERAIURE) IN FLOATING

POINT OK

OUTPUT

A TWO-LOCATION TABLE CONTAINING THE COEFFICIENTS OF

DRAG (C D) AND OF LIFT {C L) IS OUTPUT FROM THE PROGRAM.

THE COEFFICIENTS ARE IN DIMENSIONLESS FLOATING POINT

FORMAT.

METHOD

GIVEN AN ALTITUDE HI* IN GEOPOIENTIAL METERS AND THE

MAGNITUDE OF THE RELATIVE VELOCITY vR , MACH NUMBER IS

CCMPUTEC IN THE FCLLOWING WAY -

A) IF Hi* g0147.637 GEOPOTENTIAL METERS (30O,OOC

FEET),

vR
MACIi NUMBER =TWHERE S IS THE SPEED OF SOUND

ABOVE 300,000 FEET.

S IS EQUAL TO 850 FEETISECCND OR 0.032772633

GEMINI VELOCITY UNITS.

B) IF HI*<- q0147.607 GEOPUTENTIAL METERS, THE

FOLLOWING COMPUTATIONS ARE MADE -

+

Tm =(Tin) b (Lm)b (HI* - Hb*)

WHERE

T IS THE MOLECULAR-SCALE [EMPERATURE IN OK AT
m

AtTITU_ HI*.

{Lm) b_ cIH-_m , THE GRADIENT OF A MOLECULAR SCALE

TEMPERATURE IN °KIGEOPOTENTIAL METER. (THIS IS
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WHERE

USAGE

A)

CONSTANT BETWEEN BASE ALTITUDES.)

Hh* IS EWE OF EIGHT BASE ALTITUDES IN GEOPO-

TENTIAL METERS.

(Tin)b IS THE VALUE OF Tm AT ALTITUDE Hb.

THIS PIECEWISE CONTINUOUS FUNCTION HAS EMPIRI-

CALLY SELECTED AND THUS, IT IS ASSUMED THAT THE

ATMOSPHERE IS MADE UP OF CCNCENTRIC LAYERS (AN

INTRODUCTION TO ASTRODYNAMICS, BAKER AND

MAKEMSEN, ACADEMIC PRESS_ INC., NEW YORK, 1960,

P. 104.) )

Q_vR 394.35520v R
Mach number =

P = 20.0463333 AND IS SUCH THAT p_T m IS THE

SPEED OF SOUND IN METERS/SECOND, ANO q = 7905.

3?5?69, WHICH CONVERTS GEMINI VELOCITY UNITS TO

METERS/SECOND.

THE COEFFICIENTS OF DRAG AND OF LIFT ARE THEN

SELECTED FROM NINETEEN LOCATION TABLES WHICH

CORRESPCND TO A NINETEEN-LOCATION TABLE OF MACH

NUMBERS. LINEAR INTERPOLATION IS USED IN THIS

SELECTICN.

CALLING SEQUENCE -

TSX C4COEF,4

G L(INPUT),,L[OUTPUT)

ERROR RETURN

NORMAL RETURN

{G = PZE INDICATES THAT'V_"-m MUST BE COMPUTED.

G = MZE INDICATES THAT THE LAST COMPUTED VALUE
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B)

C}

D)

E)

CFT_mIS TO USED.)

STORAGE REQUIRED - 148 LOCATIONS EXCLUDING

STORAGE REQUIRED BY SUBROUTINES AND EXTERNAL

CONSTANTS,

ERROR CCNDITIONS - AN ERROR RETURN IS A RESULT

CF AN ERROR RETURN FROM UISQRT.

TIME REQUIRED {?094) - 0.6G2 MILLISECONDS

{MAXIMUM) INCLUDING 0.155 MILLISECONDS FOR

UISQRT.

CHECKOUT - RESULTS WERE CHECKED AGAINST

COMPUTAIICNS MADE ON THE DESK CALCULATOR AND

WERE SATISFACTORY.
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58. C3GSCP - COMPUTATION OF LATITUDE AND LONGITUDE FOR

NUMERICAL INTEGRATION

THIS PROGRAM IS AN ADAPTATION UF PROGRAM A3GSCP

WHICH COMPUTES THE LATITUDE(_,LONGITUDE(X),AND HEIGHT (H)

OF THE SPACECRAFT. A3GSCP IS USED BY ANOTHER PROGRAM

DURING LAUNCH AND ABORT, AND_ TO AVOID TRAPPING PROBLEMS,

IT IS NECESSARY TO HAVE C3GSCP FOR USE BY THE NUMERICAL

INTEGRATION PROGRAMT CORKNI. C3GSCP DOES NOT COMPUTE

THE EEIGHT OF THE SPACECRAFT. (SEE FLOWCHART.)

INPUT

A)

B)

C)

A FOUR-LOCATION TABLE CONTAINING t IN FLOATING

POINT SECONDS AND THE COMPCNENTS UF r IN FLOAT-

ING POINT GEMINI UNITS IS INPUT TO THE PROGRAM.

LIBRARY SUBROUTINES UISQRT, UXATAB, AND UIATNA

ARE USED.

CONSTANTS -

K001.0

K. INB2

K.ECC2

K.OMES

KKK2PI

KLAMDO

FLOATING POINT ONE

INVERSE OF THE SQUARE OF THE SEMI-

MINOR AXIS OF IHE GEMINI SPHEROID IN

FLOATING POINT GEMINI UNITS

SQUARE OF THE ECCENTRICITY OF THE

GEMINI SPHEROID IN FLOATING POINT

DIMENSIONLESS FORMAT

ANGULAR ROTATICNAL VELOCITY OF THE

EARTH IN FLOATING POINT RADIANS

PER SECOND

FLOATING POINT VALUE OF 2_

INERTIAL LONGITUDE OF GREENWICH AT

MIDNIGHT PRECEDING LAUNCH
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K.B2GU SEMI-MINOR AXIS OF THE GEMINI

SPHEROID SQUARED IN GEMINI UNITS

OUTPUT

A TWO-LOCATION TABLE CONTAINING X AND @ IN THIS

ORDER IS OUTPUT FROM THE PROGRAM. THE OUTPUT IS IN

FLOATING POINT RAOIANS WITH RANGES SUCH THAT

0<X< 2_ AND _/2_@_/2 .

METHOD

REFER TC PROGRAM A3GSCP FOR THE DERIVATION OF EQUA-

TIONS USED. THE TWO PROGRAMS ARE IDENTICAL WITH THE

EXCEPTION OF COMPUTING THE HEIGHT OF THE SPACECRAFT.

USAGE

A) CALLING SEQUENCE -

TSX C3GSCP,4

PZE L(INPUT),,L(OUTPUT)

ERROR RETURN

NORMAL RETURN

B) STORAGE REQUIRED -

(61)10 LOCATIONS EXCLUDING THAT REQUIRED BY

SUBROUTINES AND EXTERNAL CCNSTANTS.

C) TIME REQUIRED (7094) MAXIMUM -

1.42 MILLISECONDS

D) ERROR CONDITIONS -

AN ERROR RETURN IS A RESULT OF AN ERROR RETURN

FROM ONE OF THE LIBRARY SUBROUTINES.
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59. MPMPRK - MONITOR PREFIX TO LIMPRK

MPMPRK SETS INDICATORS FOR LIMPRK. (SEE FLOWCHART)

INPUT

(NOT APPLICABLE)

OUTPUT

(NOT APPLICABLE)

METHOD

MPMPRK TURNS CN THE A INDICATOR AND TURNS OFF THE B

INDICATOR FOR LIMPRK° CONTROL IS THEN TRANSFERRED TO

LIMPRK.

USAGE

MPMPRK IS ENTERED FROM MOPRIO WHEN CONDITIONS PER-

M[T, IT TRANSFERS CONTROL TO LIMPRK.

A) PARAMETERS -

A

B

MNMPRK

B) MACROS -

TRNON

TRNOF

C) STORAGE REQUIRED -

5 LOCATIONS

D) TIMING (7094) -

.014 MILLISECONDS
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60. LIMPRK - CONTROL PROGRAM FOR CIMPRK

LIMPRK CONTROLS THE COMPUTATICN OF IMPACE POINTS

DURING LAUNCH PHASE. (SEE FLOWCHART)

INPUT

A)

B)

TABLE -

TMMPRK A ?-LOCAIICN TABLE CONTAINING

TIME IN FLOATING POINT GMT

SECONDS,r AND v IN FLOATING

POINT GEMINI UNITS.

COMMUNICATION CELLS -

MCIMPA CONTAINS THE ABORT MODE INDI-

CATOR

MCIMPD CONTAINS THE MINIMUM DELAY TIME

TO RETROFIRE IN FLOATING POINT

SECONDS.

MCIMPL CONTAINS THE CURRENF LIFT SWITCH

SETTING.

OUTPUT

TABLE

MFIKA A 4-LOCATICN TABLE CONTAINING

THE LATITUDES AND LONGITUDES OF

THE MINIMUM AND MAXIMUM DELAY

IMPACT POINTS.

METHOD

LIMPRK USES SUBROUTINE CIMPRK [0 COMPUTE MINIMUM AND

MAXIMUM DELAY IMPACT POINTS.
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USAGE

LIMPRK IS ENTERED FROM MPMPRK AND EXITS TO MFMPRK.

STORAGE REQUIRED - 6 LOCATIONS
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61. CIMPRK - IMPACT PREDICTOR FOR NORMAL LAUNCH

THIS PROGRAM COMPUTES THE LATITUDE AND LONGITUDE OF

BOTH MINIMUM AND MAXIMUM DELAY IMPACT DURING NORMAL

LAUNCH. (SEE FLOWCHART.)

INPUT

A)

B)

C)

CALLING SEQUENCE REQUIREMENTS -

L{INPUT) - THE ADDRESS OF A SEVEN-LOCATION TABLE

COKTAINING T IN FLOATING POINT SECONDS AND THE

COMPONENTS OF r AND v IN FLOATING POINT GEMINI

UNITS

L(AMI) - THE ADDRESS OF A CELL CONTAINING THE

ABERT MCDE INDICATOR IN FIXED POINT

L_tr_mi n - THE ADDRESS OF A CELL CONTAINING

THE MINIMUM DELAY TIME TO RETROFIRE IN FLOATING

POINT SECONDS

L{LIFT SETTING) - THE ADDRESS OF A CELL CONTAIN-

ING THE LIFT SWITCH SETTING IN FIXED POINT

SUBROUTINES CORKNIt C6RETCt CTSFT3t C6PTLIt AND

C6PTLU ARE USED.

CONSTANTS -

KOOOOX

KOGO02

KO0003

KO000_

K00018

KOOO50

KO000O

KMO000

KOC6.0

FIXED POINT ONE

FIXED POINT TWO

FIXED POINT THREE

FIXED POINT SIX

FIXED POINT EIGHTEEN

FIXED POINT FIFTY

ZERO

MINUS ZERO

FLOATING POINT SIX
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D}

K045.0

KOO.PI

TABLES -

TCBAM2

TCBAM3

TCMXCH

TCNLIP

TCRFTQ

TCWF.R

TCWF.B

FLOATING POINT FORTY-FIVE

FLOATING POINT _ (PI)

BANK ANGLE IN FLOATING POINT RADIANS

FOR ABORT MODE 2 PROGRAMMED LIFT

BANK ANGLE IN FLOATING POINT RADIANS

FOR ABORT MODE 3 PROGRAMMED LIFT

CRITERION HEIGHT FOR MAXIMUM DELAY IM-

PACT IN FLOATING POINT GEMINI UNITS

NOMINAL NORMAL LAUNCH IMPACT HEIGHT IN

FLOATING POINT GEMINI UNITS

TORQUE SETTING WHICH WHEN NONZERO

(ZERO) INDICATES THAT THE INERTIAL

PLATFORM OF THE SPACECRAFT IS (NOT)

TORQUED DURING RETROFIRE

REENTRY WEIGHT OF T_E SPACECRAFT IN

FLOATING POINT POUNDS

ORBIT WEIGHT OF TFE SPACECRAFT IN

FLOATING POINT POUNDS

OUTPUT

L(O_TPUT) - THE ADDRESS OF A FOUR-LOCATION TABLE

CONTAINING RESPECTIVELY THE COMPUTED MINIMUM DELAY LATI-

TUDE A_D LONGITUCE, AND THE COMPUTED MAXIMUM DELAY LATI-

TUDE AND LOEGITUCE, THE LATTER BEING DEPENDENT UPON ABORT

MODE. THIS OUTPUT IS FLOATING POINT RADIANS.

METHOD

AFTER INITIALIZATIGN_ CIMPRK SETS UP THE PROPER PA-

RAMETERS FOR THE MAIN LOGIC OF THE PROGRAM BY CHECKING

BOTH THE ABORT MEDE INDICATOR (AMI) AND THE LIFT SWITCH

SETTING (LI). IF AMI=I(=2,3), ABORT MODE I{2,3) LOGIC
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IS IN EFFECT. LIKEWISE, IF LI=Ol=lt2)t ZERO LIFT (PRO-

GRANMEO LIFT, MAXIMUM LIFT) IS TO BE USED IN COMPUTING

THE REENTRY TRAJECTORIES FOR BOTH MINIMUM AND MAXIMUM DE-

LAY IMPACTS.

A) IF ANT=I, ONLY ONE IMPACT IS COMPUTED, AND ZERO

LIFT (A NEGATIVE BANK ANGLEi IS USED BY CORKNI

TYPE I INTEGRATION. ABORT MODE I IS IN EFFECT

UNTIL THE TRAJECTORY REACHES A HEIGHT OF 70,000

FEET. eELOW THIS HEIGHT THE RETROROCKETS CANNOT

BE USEC AS POSIGRADES TO SEPARATE THE SPACECRAFT

FROM THE BOOSTER. A MAXIMUM DELAY IMPACT IS UN-

DEFINED, ITS LATITUDE AND LONGITUDE ARE SET TO

O°AND I80 °, RESPECTIVELY, TO SET IT OFF-SCALE TO

THE RIGHT.

B) IF AMI=2t ONLY MINIMUM DELAY IMPACT IS COMPUTED

USING THE BANK ANGLE SPECIFIED BY THE LIFT

SWITCH SETTING. THE VALUES FOR MAXIMUM DELAY

IMPACT ARE SET OFF-SCALE AS IN ABORT MODE I. IN

THIS ABORT MODE THE RETROROCKETS ARE USED AS

POSIGRADES TO SEPARATE THE CAPSULE FROM THE

BOOSTER IN THE EVENT OF AN ABORT. HENCE_ NO

MAXIMUM DELAY IMPACT IS POSSIBLE.

C) IF AMI=3, ABORT MODE CHANGEOVER |AMC) HAS OC-

CURRED, AND BOTH MINIMUM AND MAXIMUM DELAY IM-

PACTS ARE COMPUTED. IN THIS ABORT MODEL ONBOARD

PROPULSION IS USED TO SEPARATE rHE SPACECRAFT

FROM THE BOOSTER, THUS THE RETROROCKETS MAY BE

USED TO ACHIEVE EITHER A MINIMUM OR MAXIMUM DE-

LAY IMPACT. THE LOGIC FOR THIS ABORT MODE IS AS

FOLLOWS -

CORKNI TYPE 2 INTEGRATES THE INPUT VECTOR

THROUGH At r MIN TO GET t4,r--,,T,.__ USING VECTOR
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t4, T4, T 4, C6RETC COMPUTES t5, _5, T5, THE BURNOUT

VECTOR FOR MINIMUM DELAY IMPACT. CORKNI TYPE I

THEk INTEGRATES THIS BURNOUT VECTOR TO IMPACT

USING THE BANK ANGLE SPECIFIED BY THE LIFT

SWITCH SETTING.

USING t4, r4, v4, CORKNI TYPE 3 INTEGRATION NEXT

GENERATES AN ORBIT TABLE CONTAINING THE COMPO-

NENETS CF T AND T AND AN ORBIT TABLE CONTAINING

THE HEIGHTS OF THESE VECTORS. THESE TABLES ARE

USED BY THE INTERPOLATION PROGRAMS C6PTLU AND

C6PTLI TO COMPUTE A NEW t4, r4, v4 FOR MAXIMUM

DELAY IMPACT. THIS t4 IS EQUAL TO THE TIME THE

TRAJECTORY CROSSES THE HEIGHT CONTAINED IN

TCMXCH MINUS 45 SECONDS. AGAIN CARETC USES t4,

TC COMPUTE THE BURNOUT VECTOR t5,r 4 , v 4 r 5 , v 5 •

CORKNI TYPE I THEN USES t5, r5, v 5 TO INTEGRATE

TC IMPACT.

THERE ARE SEVERAL EXCEPTIONS TO THE ABOVE LOGIC.

I) IF, IN GENERATING THIS ORBIT TABLE OF VEC-

TORS AND HEIGHTS, CORKNI (TYPE 3) INTEGRA-

TION CANNOT OUTPUT ANY VECTORS FROM THE DES-

CENCING PORTION OF THE TRAJECTORY BELOW THE

HEIGHT IN TCMXCH, MAXIMUM DELAY IMPACT IS

UNDEFINED, AND ITS LATITUDE AND LONGITUDE

ARE SET OFF-SCALE.

2) IF, IN GENERATING THIS ORBIT TABLE, CORKNI

(TYPE 3) INDICATES THAT THE TRAJECTORY NEVER

REACHES THE CRITERION HEIGHT IN TCMXCH,

MAXIMUM DELAY IMPACT IS SET TO MINIMUM DE-

LAY IMPACT.

3) IF t4max _t4 min MAXIMUM DELAY IMPACT IS SET

EQUAL TO MINIMUM DELAY IMPACT.
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USAGE

A) CALLING SEQUENCE -

TSX CIMPRKt4

PZE LIINPUTI_tL(OUTPUT)

PZE L(AMI),t L (At )r- min
PZE L(LII,t**

ERROR RETURN

NORMAL RETURN

B) STORAGE REQUIRED - 14L LOCATIONS EXCLUDING THAT

RECUIREB BY SUBROUTINES AND EXTERNAL CONSTANTS

C) TIME RECUIRED (7094) - 1475 MILLISECONDS IS THE

MAXIMUM TIME REQUIRED. THIS WOULD OCCUR IF

CORKNI WOULD INTEGRATE [HE MAXIMUM NUMBER OF

STEPS IN ABORT MODE 3. A COMPUTED MAXIMUM MA-

CHINE TIME FOR THE EACH ABCRT MODE IS -

ABCRT MCDE I -LXO MILLISECONDS (USING A VECTOR

WHOSE HEIGHT IS SLIGHTLY LESS

THAN 70,000 FEET)

ABCRT MODE 2 - 250 MILLISECONDS (USING A VECTOR

160 SECONDS AFTER LIFT-OFFt A 60 °

BANK ANGLEr AND THE SET OF SMALL

STEP SIZES FOR CORKNI)

ABCRT MCDE 3 - 750 qILLISECONDS (USING A VECTOR

JUST PRIOR TO SSCO, A 60 ° BANK

ANGLEr AND THE SET OF LARGE STEP

SIZES FOR CORKNI)

D) ERROR CCNDITIONS - AN ERROR CONDITION IS A RE-

SULT OF AN ERROR RETURN FROM A SUBROUTINE.
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62° MFMPRK - MONITOR SUFFIX TO LIMPRK

MFMPRK PROCESSES THE OUTPUT FROM LIMPRK. (SEE FLOW-

CHART)

INPUT

A) TABLE -

MFIKA A 4-LOCATION TABLE_ OUTPUT FROM

LIMPRK, CONTAINING THE LATITUDES AND

LONGITUDES OF THE MINIMUM AND

MAXIMUM DELAY IMPACT POINTS.

OUTPUT

A) TABLE -

TCCOUT

TMLANA

LOCATIONS B_9,12, AND 13 OF THESE

TABLES WILL CCNTAIN THE IMPACT

POINTS OUTPUT BY LIMPRK.

METHOD

MFMPRK MOVES THE DATA FROM THE OUTPUT BUFFER OF

LIMPRK INTO SPECIFIED LOCATIONS OF THE CCMAIN OUTPUT BUF-

FER AND CORRESPONDING LOCATIONS OF THE INPUT BUFFER FOR

OOLANA.

THE A INDICATOR IS THEN TURNED OFF AND CONTROL IS

RETURNEO TO MOPRIO.
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USAGE

A) PARAMETERS -

A

MNNPRK

B) MACROS -

QENBZ

QENBA

TRNOF

C) STCRAGE REQUIRED -

22 LOCATICNS

D) TIMING (70_4) -

•024 MILLISECONDS
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63. CUPDAT - LAUNCH PROGRAM FOR UPDATING A GIVEN t,_,_

GIVEN A t,r,v DEFINING THE ORBIT OF A SPACECRAFT AND

THE DESIRED IIME FOR AN EXIRAPOLAiED t, r, v THIS PROGRAM

COMPUTES THE r AND v AT THE DESIRED TIME BY USE OF

NUMERICAL INTEGRATION. (CUPDAT IS USED BY THE PREFIX

MPLCCM OF ThE MAIN LAUNCH CALCULATICN PROGRAM, CCMAIN.)

{SEE FLC_CHART)

INPUT

A)

B)

C)

D)

SUBROUTINE REQUIRED -

CORKNI - LAUNCH NUMERICAL INTEGRATION PROGRAM.

CONSTANTS -

KO_OC2

KO000I

KMOO00

FIXED POINT 2

FIXED POINT I

MINUS ZERO

PARAMETERS -

TCWF.B SPACECRAFT CRBII WEIGHI, FLOATING

POINT POUNDS

THE INPUT t, r, v IS IN FLOATING POINT IN A

SEVEN-LOCATION TABLE HAVING THE FORMAT -

L(INPUT VECTORS)t TIME IN GMT SECONDS

÷I x
+2 y

+_ x

+6 z

- POSITION VECTOR IN
r

GEMINI LENGTH UNITS

VELOCITY VECTOR IN

GEMINI VELOCITY UNITS
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E)

F)

L|TIME FOR WHICH UPDATED VECTOR IS DESIRED) TIME

IN GMT SECONDS

L(THRUST CELL) - THRUST CELL CONTAINS -

I) 0 IF THRUST IS NOT T(} BE INCLUDED DURING

THE UPDATING

2) A NON-ZERO QUANTITY IF THRUST IS TO BE IN-

CLUDED

OUTPUT

THE OUTPUT IS IN FLOATING POINT IN SEVEN-LOCATION

TABLE IN THE FOLLOWING FORMAT -

L(UPCATED VECTORS)t TIME IN GMT SECONDS

, x)+2 y

+3 z

,4 £ 1
+5

IN GEMINI LENGTH UNITS

IN GEMINI VELOCITY UNITS

METHOD

CUPDAT SUBTRACTS THE TIME OF A GIVEN INPUT VECTOR

FROM THE TIME AT WHICH THE UPDATED VECTOR IS DESIRED,

THEREBY CALCULATING THE TIME INCREMENT OVER WHICH

NUMERICAL INTEGRATION IS TO BE DO,WE. THE NUMERICAL IN-

TEGRATION IS ACCOMPLISHED IN A SINGLE STEP USING PROGRAM

CORKNI _ITH THRUST OR WITHOUT THRUST. IN THE EVENT OF AN

ERROR IN INTEGRATICN, CUPDAT PLACES TilE INPUT t, r, v, IN

THE OUTPUT TABLE.
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USAGE

A)

B)

C)

CALLING SEQUENCE -

TSX CUPDAT,4

PZE L(INPUT VECTORS t, _, _ ),,L(UPDATED

INPUT VECTORS ttr, _ )

PZE L(TIME AT WHICH UPCATEO t,_,_ DESIRED),,

L(THRUST CELL)

RETURN

STORAGE REQUIRED - 31LOCAIIONS EXCLUDING SUB-

ROUTINES, CONSTANTS, AND INPUT AND OUTPUT TABLES

TIMING - .0652 MILLISECONDS EXCLUDING CORKNI

(NORMAL CASE)

• 172 MILLISECONDS EXCLUDING CORKNI

(ERROR CASE)
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64. MABORT - MONITOR CONTROL FOR ABURT PHASE

MABORT DETERMINES WHICH AB{IRT SITUATION THE MISSION

HAS ENTERED AND DIRECTS PROCESSING OF DATA ACCORDINGLY,

(SEE FLCWCHART)

INPUT

AD TABLES

USED IN BOTH ABORT PHASES -

TMABDV AN EIGHT LOCATION TABLE

CCNTAINING THE ABORT DE-

FINING VECTOR IN THE

SECOND THRCUGH SEVENIH

CELLS, THE FIRST ANO

EIGHTH CELLS CONTAIN THE

VECTOR TIME IN FLOATING

AND IN FIXED POINT GMT

SECONDS, RESPECTIVELY.

USED IN HIGH ABORT PHASE -

TMRETO AN ELEVEN LOCATION TABLE

CCNTAINING RETROFIRE IN-

FORMATION OF WHICH ONLY

THE FIRST FIVE CELLS ARE

USED BY MABORT. THE

FIRST FOUR CELLS CONTAIN

THE TIMES OF FIRING OF

RETRCROCKETS 1,2,3, AND

FOUR, IN THAT ORDER. THE

OECREMENT OF THE FIFIH

CELL CONTAINS THE

NOMINAL OR NON-NOMINAL
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RETROFIRE SEQUENCE

INDICATOR.

USED IN LOW ABORT PHASE -

TMBDAV A SEVEN LOCATION TABLE

TMSLMF

TMSLMN

TMBCLO

CONTAINING THE BERMUDA

VECTOR AND ITS ASSO-

CIATED TIME TAG. THIS

TABLE IS SET 6Y THE

BERMUDA DATA PROCESSORS.

A TWG LOCATION TABLE

USED AS INPUT TO THE

SENSE LIGHT PROGRAM TO

TURN OFF THE MISSING

DATA LIGHT. THE FIRST

LOCATION INDICATES THE

LIGHTS TO BE TURNED ON,

THE SECOND INDICATES THE

LIGHTS TO BE TURNED OFF.

A TWO LOCATION TABLE

USED AS INPUT TO THE

SENSE LIGHT PROGRAM TO

TURN ON THE MISSING DATA

LIGHT. THE FIRST LO-

CATION INDICATES THE

LIGHTS TO BE TURNED ON,

THE SECOND INDICATES THE

LIGHTS TO BE TURNED OFF.

A SEVEN LOCATION TABLE

CCNTAINING THE INPUT

BERMUDA VECTOR REFLEC-

TING THE MINIMUM LIFT

CONFIGURATION AND ITS
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TMBDLI

TMBDL2

TMSMLG

TMSMLI

TMSML2

ASSOCIATED TIME TAG.

A SEVEN LOCATION TABLE

CONTAINING THE INPUT

BERMUDA VECTOR REFLEC-

TING THE PROGRAMMED LIFT

CCNFIGURATION AND ITS

ASSOCIATED TIME TAG.

A SEVEN LOCATION TABLE

CONTAINING THE INPUT

BERMUDA VECTOR REFLEC-

TING THE MAXIMUM LIFT

CCNFIGURATION AND ITS

ASSOCIATED TIME TAG.

A SEVEN LOCATION TABLE

CONTAINING THE INPUT IP-

7094 VECTOR REFLECTING

THE MINIMUM LIFT CON-

FIGURATION AND ITS ASSO-

CIATED TIME TAG.

A SEVEN LOCATION TABLE

CCNTAINING THE INPUT

IP-7C94 VECTOR REFLEC-

TING THE PROGRAMMED LIFT

CONFIGURATION AND ITS

ASSOCIATED TIME TAG.

A SEVEN LOCATION TABLE

CONTAINING THE INPUT

IP-7094 VECTOR REFLEC-

TING THE MAXIMUM LIFT

CONFIGURATION AND ITS

ASSOCIATED TIME TAG.
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USED IN BOIH ABORT PHASES -

MCAFIN NGN-ZERO IF ABORT PHASE

IS FINISHED.

MCHFSC CONTAINS CURRENT GMT IN

FIXED POINI HALF-SEC-

ONDS, B35.

MCLFTM CONTAINS TIME OF LIFT-

OFF.

MCMAN2 ZERO IF MANUALLY IN-

SERTED RETORFIRE MESSAGE

HAS BEEN ACCEPTED.

MCNRRF CONTAINS NUMBER OF

RETRO-ROCKETS FIRED IN

FIXED POINT, B35.

MCWICH TYPE OF ABORT INDICATOR-

U = LOW ABORT

O = HIGH ABORT

MCMONE FVE 0

USE_ IN HIGH ABORT PHASE -

MCLRRF CONTAINS TIME OF FIRING

MC2RRF

MC3RRF

MCARRF

MCFLSS

OF RETROROCKET :I

CONTAINS TIME OF FIRING

OF RETROROCKET :2

CONTAINS TIME OF FIRING

OF RETROROCKET =3

CONTAINS TIME OF FIRING

OF RETROROCKET =4

FINAL LIFT SWITCH

SETTING IN FIXED POINT,

B 35, FROM LAUNCH PHASE
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B)

MCFTRC FINAL GMTRC ASSOCIATED

WITH ABORT DEFINING

VECTOR FROM LAUNCH PHASE

MCPCNE PON 0

MCXXXX OCT 777777777777

USED IN LOW ABORT PHASE -

MCACBD NCN-ZERO IF BERMUDA

MCL IFT

MCMBDA

MCPBDA

MCPSEL

MCPTWO

CONSTANTS -

KOGO00

KOOCOI

KCGC02

HIGH-SPEED SUBCHANNELS

OF THE CCC IIAVE BEEN

ACTIVATED.

CONTAINS SETTING nF LIFT

SWITCH IN FIXED POINTp

b35.

NON-ZERO IF BERMUDA

DATA IS IN MISSING DATA

PERIOD (SET BY BERMUDA

DATA PROCESSORS).

NON-ZERO IF BERMUDA DATA

IS IN MISSING DATA

PERIOD (NOT RESET ONCE

BERMUDA DATA HAS BEEN

GIVEN TO ABORT PROGRAM).

REFLECTS SOURCE SELECTED

FOR THIS ENTRY - i =

B-GE, 2 = BERMUDA, 4 =

IP-7_94, IN FIXED POINT,

B35.

PTW 0

DEC 0

DEC I

DEC 2
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C)

KO0003 DEC 3

KO0004 DEC 4

KOOC07 DEC 7

KO0008 DEC 8

K00O60 UEC 60

KS.3M3 DEC 8.3E-3

KO05.O DEC 5.O

K030.O DEC 30.0

KCH232 UCI 232000000000

KCH233 OCT 233000000000

KRTDEG CONVERSION OF RADIANS TO

DEGREES IN FLOATING

POINT

PARAMETERS

A EGU I

B EQU 2

C E_U 3

O EQU 4

E EQU 5

MNABRT

MNACQD

MNDIFC

MNI_IFK

MNDIFM

MNEDBD

INDICATOR BIT A

INDICATOR BIT B

INOICATOR BIT C

INDICATOR BIT D

INCICATOR BIT E

PRIORITY NUMBER FOR

MABORT

PRIORITY NUMBER FOR

MYACQD

PRIORITY NUMBER OF

MPDIFC

PRIORITY NUMBER OF

MPDIFK

PRIORITY NUMBER FOR

MPDIFM

PRIORITY NUMBER FOR

MPEC'BD
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MNHS3q

MNHSGB

MNLANA

MNLEDI

MNLED2

MNMESS

MNORMC

MNREN2

MNSENS

PRIORITY NUMBER FOR

MPHSO9

PRIORITY NUMBER FOR

MPHSGB

PRIORITY NUMBER FOR

MPLANA

PRIORITY NUMBER FOR

MPLEDI

PRIORITY NUMBER FOR

MPLED2

PRIORITY NUMBER FOR

MYMESS

PRIORITY NUMBER FOR

MPORMC

PRIORITY NUMBER FOR

MYREN2

PRIORITY NUMBER FOR

MYSENS

OUTPUT

A} TABLES

USEC IN BOTH ABORT PHASFS -

TCCCUT A TWENTY-NINE LOCATION

TABLE CONTAINING THE

COMPUTED QUANTITIES FROM

THE ABORT PORCESSOR IN

USE AT THE CURRENT TIME.

TMABDV A SEVEN LOCATION TABLE

CCNTAINING THE ABORT

DEFINING VECTOR AND ITS

ASSOCIATED TIME TAG.
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TMCYCL

TMCYNO

TMLANA

TMORMC÷I

A FIVE LOCATION TABLE

USED BY THE HALF-SECOND

PROCESSOR TO REQUEST

PROGRAMS ON PRESET

CYCLES. THE LOCATION

CONTAINING THE CYCLE FOR

THE OUTPUT PROCESSOR IS

CHANGED TO PERMIT ENTRY

AT IHREE SECOND INTER-

VALS.

A FIVE LOCATION TABLE

CCNTAINING THE PRESEI

CYCLE TIMES FUR [HE

IIALF-SECOND TRAP PRO-

CESSOR) THE LOCATION

CONIAINING THE CYCLE FOR

THE OUTPUT PROCESSOR IS

CHANGED TO THREE

SECONDS.

A TWENTY-NINE LOCATION

IABLE CONTAINING THE IN-

PUT QUANTITIES FOR THE

OUTPUT PROCESSOR, OOLANA

(SET FROM THE TABLE

TCCOUT).

THE SECOND LOCATION OF

IHE TMORMC TABLE CON-

TAINS THE LONGITUDE OF

PRESENT POSITION IN

FLOATING POINT RADIANS.
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TMRARF

TMSSEC

CONTAINS THE REENTRY

DEFINING VECTOR AND ITS

ASSOCIATED TIME TAG,

CONTAINS THE TIME OF

RETROFIRE IN FIXED POINT

GMT SECONDS.

USED IN HIGH ABORT PHASE -

TMABPR A TWELVE LOCATION TABLE

CCNTAINING ABORT INFOR-

MATION FOR ON-LINE

PRINTING.

TMBDIL

USED IN LOW ABORT PHASE -

TMBDOL A SEVEN LOCATION TABLE

CONTAINING THE INPUT

BERMUDA VECTORS INTE-

GRATED TO REFLECT A

MINIMUM LIFT CONFI-

GURATION AND THEIR ASSO-

CIATED TIME.

A SEVEN LOCATION TABLE

CONTAINING THE INPUT

BERMUDA VECTORS INTE-

GRATED TO REFLECT A

PROGRAMMED LIFT CON-

FIGURATION WITH THEIR

ASSOCIATED TIME.
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TMBD2L

TMSMOL

TMSMIL

TMSN2L

TMSUM6

TMSUM?

A SEVEN LOCATION TABLE

CCNTAINING THE INPUT

BERMUDA VECTORS INIE-

GRATED TU REFLECT

MAXIMUM LIFT AND THEIR

ASSOCIATED TIME.

A SEVEN LOCATION TABLE

CCNTAINING THE INPUT

IP-7094 VECTORS INTE-

GRATED TO REFLECT

MINIMUM LIFT AND THEIR

ASSOCIATED TIME,

A SEVEN LOCATION TABLE

CCNIAINING THE INPUT IP-

/C94 VECTORS INTEGRATED

TO REFLECT PROGRAMMED

LIFT AND THEIR ASSO-

CIATED TIME.

A SEVEN LOCATIO_J TABLE

CONTAINING THE INPUT IP-

7cg4 VECTORS INTEGRATED

TO REFLECT MAXIMUM LIFT

AND THEIR ASSUCIATED

TIME.

A SEVEN LOCATION TABLE

CONTAINING THE AVERAGE

FPQ-6 VECTORS AND THEIR

ASSOCIATED TIME.

A SEVEN LOCATION TABLE

CONTAINING THE AVERAGE

FPS-16 VECTORS AND

THEIR ASSOCIATED TIME.

551



VCL Ill REAL TIME PROCESSORS PART I - LAUNCH/ABORT

B) COVVUNICATION CELLS -

USED IN BOTH ABORT PHASES -

MCACTV IHE ACTIVATE MASK FOR

MCBJMN

MCCURT

MCHFSI

MCLGTI

MCLIDT

MCLOPR

MCPHSE

IHE SUBCHANNELS OF THE

OCC.

CONIAINS THE NUMBER OF

THE ON-LINE MESSAGE OF

THE HIGH-SPEED OUTPUT

TRANSMISSION RATE TO

CAPE KENNEDY.

CONTAINS CURRENT MACHINE

TIME,

C_NTAINS THE NUMBER OF

ENTRIES IN TMCYCL TO BE

EXAMINED BY THE HALF-

SECEIND TRAP PROCESSOR.

CONTAINS THE LOG TIME

ASSOCIATED WITH THE

CURRENT OUTPUT QUAN-

TITIES.

CONTAINS THE LOG TIME

ASSOCIATED WITH THE

CURRENT OUTPUT QUAN-

TITIES.

CONTAINS THE TIME OF

LIFT-OFF FOR LOGGING

PURPOSES.

CONTAINS THE PHASE

IDENTIFICATION IN THE

PREFIX - I = HIGH ABORTt

2 = LOW ABORTt 5 = RE-

ENTRY.
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MCTABT NGN-ZERO TO INDICATE

MISSION HAS ENTERED THE

ABORT PHASE (USED BY THE

OUTPUT PROCESSOR).

USED BY HIGH ABORT PHASE -

MCESAB CONTAINS GMT OF FIRST

EVEN SECOND FOLLOWING

BURNOUT.

USED BY LOW ABORT PHASE -

MCMAXT CONTAINS THE ENDING TIME

FOR AVERAGE VECTOR SUM-

MATION.

MCMINT CONTAINS THE STARTING

TIME FOR AVERAGE VECTOR

SUMMATION.

MCSINP CONTAINS IDENTIFICATION

OF SOURCE CURRENTLY IN

PROCESS - 1 = B-GEt 3 =

BERMUDA_ 6 = FPQ-6t

7 = FPS-16.

MCSSOR CONTAINS IDENTIFICATION

OF SOURCE SELECTED FOR

CURRENT ENTRY - 1 = BE-

GEt 3 = BERMUUAt 6 =

FPG-6_ 7 = FPS-16.
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MCSUMS SOURCE IDENTIFICATION ON

WHICH AVERAGE VECTOR

PROCESSING IS TO TAKE

PLACF - 6 = FPQ-6, 7 =

FPS-16.

METHOD

MABCRT CONSISTS OF TWO SECTIONS OF LOGIC WITH ONE

ENTRY POINT AND TWO EXIT POINTS. EACH OF THE ABORT PHASES

- LOW AND HIGH - IS PROCESSED BY A SEPARATE SECTION OF

LOGIC. CNE EXIT IS USED DURING NORMAL AHORT PHASE

PROCESSING, THE OTHER EXIT PROVIDES INTERFACE WITH THE

REENTRY PHASE WHEN THE ABORT PHASE hAS BEEN COMPLETED.

IN BOTH LOW AND HIGH ABORT PHASE PRUCESSING, COM-

PUTATICNS ARE MADE BY SUBROUTINE TYPE PROGRAMS. INFUR-

MATION ENTERS THE PROGRAM VIA A CALLING SEQUENCE AND

CONTROL RETURNS TO MONITOR IMMEDIATELY FOLLOWING THE END

CF CCMPUTATICNS.

A) LOW ABORT PHASE PROCESSING

I. AS SOON AS THE LOW ABORT PHASE LOGIC IS

ENTERED, MABORT DETERMINES WHETHER A MANU-

ALLY INSERTED MESSAGE CONTAINING RETROFIRE

INFORMArlON HAS BEEN RECEIVED. IF IT HAS,

CONTROL IS PASSED T{} C) TO PROVIDE INTER-

FACE WITH THE REENTRY PHASE. IF NO MANUAL

INSERTION MESSAGE HAS BEEN RECEIVED, BUT

THE HEIGHT OF THE SPACECRAFT ABOVE AN OBLATE

EARTH IS BELOW THE NOMINAL LAUNCH/ABORT

IMPACT MEIGHT, EXIT TO MOPRIO IS MADE IM-

MEDIATELY.
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2. IF NEITHER OF THE ABOVE CONDITIONS HOLDS,

THE LIFT SWITCH SETTING AND THE CURRENT TIME

ARE SAVED. WHEN CURRENT TIME SO INDICATES,

IF THE BERMUDA HIGH-SPEED SUBCHANNELS OF THE

DCC HAVE NOT YET BEEN ACTIVATED, THEY ARE

ACTIVATED TO PERMIT RECEIPT OF BERMUDA RADAR

DATA AND THE BERMUDA CATA EDIT PROGRAM IS

UNSUPPRESSED.

3. PROCESSING IN THE LOW ABORT PHASE IS DONE

ON SPACECRAFT DATA SOURCES ONLY - IP-7094

AND BERMUDA. EACH OF THESE SOURCES HAS THREE

BUFFERS WHICH SERVE AS INPUT TO THE LOW

ABORT PROCESSOR, EACH BUFFER REFLECTS INTE-

GRATION OF THE VECTOR TO CURRENT TIME

APPLYING EACH OF THE THREE LIFT SWITCH

SETTING - MINIMUM LIFT, PROGRAMMED LIFT, AND

MAXIMUM LIFT.

BEFORE ANY COMPUTATIONS ARE MADE WITH

DATA RECEIVED VIA THE IP-7094 SUBCHANNEL, AN

AVERAGE VECTOR IS OBTAINED FROM THE VECTORS

RECEIVED WITHIN THE LAST FIVE SECONDS OVER

THAI LINE. IF THE FIRSI IP-7094 SPACECRAFT

SOURCE DID NOT SEND DATA DURING INTERVAL,

THE SECOND IP-7Og4 SPACECRAFT SOURCE IS

USED. IF NEITHER SOURCE HAS SENT DATA OVER

THE PAST FIVE SECONDS, THE VECTORS OUT-

PUTTED BY THE INTEGRATION PROGRAM, CABDAT,

ON THE LAST PASS, ARE PLACED IN THEIR RES-

PECTIVE INPUT BUFFERS FOR THIS PASS.

IF EITHER OF THE IP-?094 SPACECRAFT DATA

SOURCES HAS SENT DATA, THE AVERAGE VECTOR

555



VOL Ill REAL TIME PROCESSORS PART I - LAUNCH/ABORT

OBTAINED IS PLACED IN THE THREE INPUT

BUFFERS FOR LATER USE BY CABDAT.

SMILIAR CHECKS ARE KADE ON RADAR DATA

RECEIVED FROM BERMUDA. HOWEVER, SINCE THE

VECTORS OBTAINED FROM THE BERMUDA DATA

SOURCES ARE BASED ON SEVERAL SECONDS UF

RADAR DATA, THEY REFLECT THE ''AVERAGE'' OF

THIS DATA, THEREFORE, NO FURIHER AVERAGING

IS NECESSARY.

4. MABORT THEN DETERMINES THE SELECTED

SOURCE ON THIS ENTRY. IF NEITHER IP-?094 NOR

BERMUDA HAS BEEN SELECTED, MABORT SETS B-GE

TO THE SELEGTED SOURCE AND IP-?094 TO THE

SOURCE CURRENTLY IN PRUCESS.

IF EITHER IP-?094 OR BERMUDA IS THE

SELECTED SOURCE, THIS SOURCE ALSO BECOMES

THE SOURCE CURRENTLY IN PROCESS.

5. IF THE MISSING DATA LIGHT IS ON DURING A

PERIOD IN WHICH DAIA IS BEING RECEIVED, THE

LIGHT IS TURNED OFF. CCNVERSELY, IF THE

LIGHT IS OFF DURING A MISSING DATA PERIOD,

IT IS TURNED ON.

6. THE SUBROUTINE, CABCAT, IS ENTERED TO

INTEGRATE THE VECTORS FROM IP-TG94 AND BER-

MUDA TO THE CURRENT lIME USING EACH OF THE

THREE LIFT CONFIGURATICNS.

BASED ON BOTH THE SELECTED SOURCE AND THE

LIFT SWITCH SETTING, ONE OF THE VECTORS FROM

CABDAT SERVES AS INPUT TO THE LOW ABORT

PROCESSOR, CLABRT. UPON EXIT FROM CLABRT, IF
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B}

DATA WAS NOT MISSING CN THIS ENTRY, THE

VECTOR TIME IN ELAPSED TIME SINCE LIFT-OFF

IS COMPUTED AND SAVED FOR LOGGING PURPOSES.

MABGRT THEN CONTINUES AS IN F).

HIGH ABORT PHASE PROCESSING

1. bPEN ENTRY TO THE HIGH ABORT PHASE LOGIC,

THE CURRENT TIME IS COMPUTED AND SAVED.

2. CN THE FIRST PASS THROUGH HIGH ABORT

PROCESSING, THE PROCESSOR CHABRT IS ENTERED

WITH A TYPE I ENTRY INDICATION TO BUILD THE

ORBIT AND REENTRY VECTOR AND HEIGHT TABLES

BASED ON THE VECTORS AND THE COMPUTED GREEN-

WICH MEAN TIME OF RETGRFIRE |GMTRC) FROM

AVERAGE VECTORS PROCESSING. AFTER THE

MESSAGE ROUTINE HAS BEEN QUEUED TO PRINT THE

ABORT QUANTITIES ON-LINE, MABORT CONTINUES

AS IN F).

3. ON THE SECOND AND SUBSEQUENT PASSES

THROUGH HIGH ABORT PROCESSING, MABORT DETER-

MINES WHETHER A MESSAGE CONTAINING RETOR-

FIRE INFORMATION HAS BEEN MANUALLY INSERTED

AND ACCEPTED. IF IT HAS, CONTROL PASSES TO

D). IF NO SUCH MESSAGE HAS BEEN RECEIVED,

BUT THE HEIGHT OF THE SPACECRAFT AB{}VE AN

OBLATE EARTH HAS FALLEN BELOW THE NOMINAL

LAUNCH/ABORT IMPACT HEIGHT, EXIT TO MOPRIO

IS MADE IMMEDIATELY.

4. IF NEITHER OF THE ABOVE SITUATIONS IS

TURE, MABORT CHECKS THE TIME OF RETORFIRE.

IF THIS TIME IS NON-ZERO, CONTROL PASSES TO
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?. IF THIS TIME IS ZER_ AND RETROFIRE HAS

NOT OCCURRED YET_ CONTROL PASSES TO 5.

OTHERWISE, MABORT CONTINUES AS IN 6.

5. A CHECK IS MADE TO DETERMINE WHETHER A

TYPE 2 ENTRY HAS EVER BEEN MADE TO CHABRT.

IF SUCH AN ENTRY HAS BEEN MADE, THE RETRO-

FIRE INFORMATION |I.E., THE NUMBER OF RETRO-

ROCKETS FIRED AND THE EARLIEST TIME OF

FIRING) RECEIVED VIA TELEMETRY AND USED BY

THE TYPE 2 ENTRY IS GIVEN AS INPUT TO A

TYPE 3 ENTRY TO CHABRT. IF A TYPE 2 ENTRY

HAS NOT BEEN MADE, NO RETROFIRE INFORMATION

HAS BEEN RECEIVED FROM TELEMETRY. THEREFORE,

THE TYPE 3 ENTRY IS MAGE USING THE COMPUTED

TIME OF RETROFIRE (GMTRC) FROM AVERAGE

VECTORS PROCESSING AND ZERO RETROROCKETS

FIRED. IN EITHER CASE, UPON EXIT FROM

CHABRT, CONTROL IS GIVEN TO F).

6. THE TIMES OF FIR|NG OF THE RETROROCKETS

ARE SORTED TO FIND THE EARLIEST TIME. SINCE

PROCESSING OF A TYPE 2 ENTRY TO CHABRT MAY

NOT TAKE PLACE UNTIL 35 SECONDS AFTER THE

FIRING OF THE FIRST RETROROCKET, MABORT

UPDATES THE EARLIEST TIME OF FIRING AND

SAVES THE NEW TIME FOR A LATER CHECK.

?. THE TIME AT WHICH A TYPE 2 ENTRY MAY BE

MADE TO CHABRT IS COMPARED TO THE CURRENT

TIME. IF CURRENT TIME INDICATES THAT THE EN-

TRY MAY NOT BE MADE_ CCNTROL GOES TO 5.

OTHERWISE, BEFORE ENTERING CHABRT, MABURT

DETERMINES WHETHER THIS TYPE 2 ENTRY IS THE
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FIRST SUCH ENTRY. IF Ir IS, MABORI CONIINUES

AS IN 9. IF THE CURRENTTYPE 2 ENTRY IS NOT
THE FIRST, BUT ALL TELEMETRYINDICATIONS OF

THE NUMBEROF RETROROCKETSFIRED HAVE BEEN

LOST, MABORTDOESNOT PROCESSTYE TYPE 2 EN-

TRY, BUT REINITIALIZES ALL ABORTPROGRAM

CELLS AND GIVES CONTROLTO 2 TO START THE

ABORTPHASE AGAIN4

8. IF THE TELEMETRYRECEIVED INDICATES THAT

THE NUMBEROF RETROROCKETSFIREO HAS CHANGED

FROMTHAT OF THE PREVIOUS ENTRY, MABORT

TRANSFERSCONTROLro 6 wITH THE NEW INFOR-

MATION. OTHERWISE, THE EARLIEST TiME OF

FIRING IS FOUND AND IS COMPARED WITH THE

EARLIEST TIME OF FIRING OF THE PREVIOUS

ENTRY. IF NO DIFFERENCE IN THE TIMES IS

FOUND, CONTROL PASSES TO 5. A DIFFERENCE IN

THE EARLIEST TIMES OF FIRING CAUSES MABORT

TO RECOMPUTE THE TIME AT WHICH A IYPE 2 EN-

TRY TO CHABRT MAY BE MADE AND TO CONTINUE AS

IN 7.

9. ON THE FIRST TYPE 2 ENTRY TC CHABRT,

MABCRT CHECKS TO INSURE THAT AT LEAST ONE

RETROROCKEI HAS FIRED. IF IT FINDS THAT NONE

HAVE FIRED, THE ABORT PROGRAM CELLS ARE RE-

INITIALIZED AND CONTROL IS PASSES TO 2 TO

BEGIN THE HIGH ABORT PFASE ANEW,

OTHERWISE, MABORT FINDS THE EARLIEST TIME

OF FIRING. IF THIS TIME IS DIFFERENT FROM

THE CORRESPONDING TIME OF THE PREVIOUS EN-

TRY, A NEW TIME AT WHICH A TYPE 2 ENTRY TO
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CHABRTMAY BE MADE IS COMPUTEDAND IS

CHECKEDAGAINST THE CURRENTTIME. IF CURRENT

TIME WILL PERMIT A TYPE 2 ENTRY ON THIS

PASS, CUNTROLIS GIVEN TO 5. IF, HOWEVER,

EITHER THE TIME OF FIRING HAS NOT CHANGED

BETWEENTHIS ENTRYAND THE PREVIOUS ONE OR

THIS TIME HAS CHANGED,BUT A TYPE 2 ENTRY TO

CHABRTSTILL MAY BE MADE, MABORTCONTINUES
PROCESSING.

I0. THE FIRING TIME OF EACHRETROROCKETIS

PRINTED ON-LINE AND THE TYPE 2 ENTRYTO

CHABRTMADETO BUILD THE ORBIT AND REENTRY

VECTORAND HEIGHT TABLES BASED ON THE EAR-

LIEST TIME OF FIRING, T_IE NUMBEROF RETRO-

ROCKETSFIRED, AND THE INPUT VECTORSFROM

AVERAGEVECTORSPROCESSING.

AFTER THE ABORTQUANTITIES COMPUTEDBY

CHABRTHAVE BEEN PRINTED ON-LINE, MABORT

DETERMINES, FROMTHE SETTING OF THE CELL,

MCESAB, WHETHEROR NOT TO ENTER THE
ACQUISITION DATA PROGRAM.THE CELL MCESAB

INITIALLY CONTAINS ALL ONE'S. HOWEVER,

CHABRT SETS THE CELL TO ZERO UNTIL IT HAS

FINISHED INTEGRATING THE INPUT VECTORS.

IF INTEGRATION IN CHABRT IS SUCCESSFUL,

THE REENTRYVECTORTABLE NEEDEDBY THE AC-

QUISITION DATA PROGRAMIS AVAILABLE ANU

MCESABCONTAINS THE GMI OF THE FIRST EVEN

SECONDAFTER BURNOUT. THUS, MABORTTURNS ON

THE ''READY'' (B) BIT FOR THE ACQUISITION

DATA PROGRAMAND TRANSFERSTO F|.
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IF NO REENTRY TABLE HAS BEEN PRODUCED BY

CHABRT_ MCESAB REMAINED ZERO. SINCE THE

ACQUISITION DATA PROGRAM CANNOT BE ENTERED,

MABORI RESETS MCESAB TO ITS INITIAL CONTENTS

(ALL ONE'S) BEFORE EXITING TO F).

C) UPON RECEIPT OF A MANUAL INSERTION MESSAGE CON-

TAINING RETROFIRE INFORMATION DURING THE LOW ABORT

PHASE, THE ABORT DEFINING VECTOR SUPPLIED BY THE

LAUNCH TO LOW ABORT INTERFACE IS MOVED INTO THE RE-

ENTRY TABLE, TMRARF. THE BERMUDA HIGH-SPEED DAIA

EDIT PRUGRAM IS SUPPRESSED AND THE BERMUDA ON-TRACK

LIGHT AND THE MISSING DATA LIGHT ARE TURNED OFF.

MABORT CONTINUES PROCESSING AS DESCRIBED I_ E).

D) UPON RECEIPT OF A MANUAL INSERTION MESSAGE CUN-

TAINING RETROFIRE INFORMATION DURING THE HIGH ABORT

PHASE, MABORT DETERMINES WHETHER THE RETROFIRE

SECUENCE WAS NOMINAL OR NON-NOMINAL. IF A NON-

NOMINAL SEQUENCE OCCURRED, IHE TIMES OF RETROFIRE

FOR THOSE RETRDROCKETS WHICH DID FIRE ARE SORTED TO

FIND THE EARLIEST TIME. IF THE RETROFIRE SEQUENCE

WAS NOMINAL, THE EARLIEST TIME OF FIRING BECOMES THE

TIME OF FIRING UF THE FIRST RETROROCKET.

USING THIS TIME AS THE GREENWICH MEAN TIME OF

RETROFIRE, CHABRT IS ENTERED WiTH A TYPE 4 ENTRY

INDICATION TO INTEGRATE THE ABURT DEFINING VECTOR

SUPPLIED BY THE LAUNCH TO HIGH ABORT INTERFACE TO

THE TIME RETROFIRE. THE RESULTING VECTOR IS FHEN

PLACED IN THE REENTRY TABLE, TMRARF, AND CONTROL IS

GIVEN TO E).
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E) ALL HIGH-SPEED INPUT SUBCHANNELS OF THE DCC ARE

DEACTIVATED (IP-7094, B-GE, AND BERMUDA}. THE INPUT

PROGRAMS WHICH PROCESS IP-7094 AND B-GE DATA ARE

SUPPRESSED AND THE INITIAL PROGRAM INPUT FOR THE RE-

ENTRY PHASE {I.E., THE VECTORS IN TMRARF) IS PRINTED

ON-LINE. AFTER TURNING OFF ALL CONSOLE LIGHTS EXCEPT

THE REENTRY PHASE LIGHT, MABORT SETS THE PHASE IN-

DICATOR TO SHOW THAT THE MISSILN HAS ENTERED THE RE-

ENTRY PHASE. IT THEN CHANGES THE CYCLE FOR OUTPUT

COMPUTATIONS AND DISPLAYS TU THREE SECONDS.

MABURT THEN EXAMINES THE CELL CONTAINING THE

NUMBER OF RETROROCKETS FIREUt _CNRRF_ TO INSURE THAT

IT CONTAINS A NON-ZERO NUMBER. IF THIS CELL IS ZERO,

MABORT PLACES A FIXED POINT FOUR INTO MCNRRF TO

DISTINGUISH BETWEEN THE REENTRY AND ORBIT PHASES.

THE FIRST PROGRAM TO GAIN CONTROL IN THE REENTRY

PHASE, MYREN2, IS QUEUED WITH ITS INITIAL INPUT

VECTORS AND MABORT EXITS TO MOPRIO AFTER SUPPRESSING

ITSELF.

F) CURING THE LOW ABORT PHASE, THE IDENTIFICATION

OF THE SOURCE FROM WHICH CURRENT DISPLAY _UANTITIES

WERE COMPUTED IS MOVED INTO THE DISPLAY TABLE. IN

THE HIGH ABORT PHASE, THIS CELL IS SET TO AND RE-

MAINS ZERO.

THE OUTPUT PROCESSOR IS SUPPRESSED ANG THE NEW

DISPLAY QUANTITIES ARE MOVED INTO ITS INPUT BUFFER.

THE TIMES OF LIFT-OFF AND OF THE CURRENT DATA ARE

SAVED FOR THE LOGGING PROGRAM AND THE PHASE INDI-

CATOR USED BY THE OUTPUT PROCESSOR IS SET NON-ZERO

TG INDICATE THE ABORT PHASE.
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IF THIS IS NOT THE FIRST PASS THROUGH MABORT,

IMMEDIATE EXIT IS MADE TO M3PRIO. ON THE FIRST

ENTRY TO MABORT, THE PREFIX OF THE CELL MCPHSE IS

SET TO INDICATE WHICH TYPE OF ABORT SITUATION THE

MISSION HAS ENTERED (It IF HIGH ABORT, 2= IF LOW

ABORT). DURING THE LOW ABORT PHASE, THIS CELL IS THE

ONLY ACDITIONAL INDICATOR SET CN THE FIRST ENTRY,

T_EREFGRE, MABORT UNSUPPRESSES THE OUTPUT PROGRAM

AND EXITS TO MGPRIO.

ON THE FIRST ENTRY TO NABORT IN THE HIGH ABORT

PHASE, THE PROGRAM WHICH COMPUTES ACQUISIIION DATA

TO BE SENT TO THE REMOTE TRACKING SITES IS UNSUP-

PRESSED AND MABORT CHECKS THE SETTING OF THE CELL

MCESAB TO DETERMINE WHETHER THE PROGRAM CAN BE

ENTERED. THE CELL INITIALLY CO;NTAINS ALL ONE'S.

HOWEVER, THE HIGH ABORT PROCESSOR, CHABRT, SET THE

CELL TC ZERO UNTIL IT HAS FINISHED INTEGRATING THE

INPUT VECTORS.

IF INTEGRATION IN CHABRT WAS SUCCESSFUL, THE

REENTRY VECTOR TABLE WHICH THE ACQUISITION DATA

PROGRAM MUST HAVE HAS BEEN PRODUCED. AT THAT TIME,

THE CELL MCESAB WAS SET TO THE GMT OF THE FIRST

EVEN SECOND FOLLOWING BURNOUT. THUS, MABORT TURNS ON

THE ''READY'' (B) BIT FOR TIIE ACQUISITION DATA

PROGRAM, UNSUPPRESSES THE OUTPLT PROCESSOR AND EXITS

TO MOPRIO.

IF NO REENTRY VECTOR TABLE WAS PRODUCED BY

CHABRT, MCESAB REMAINED ZEREJ. SINCE THE ACQUISITION

DATA PROGRAM CANNOT BE ENTERED AT THIS POINT, MABORT

RESETS MCESAB TO ITS INITIAL CONTENTS (ALL ONE'S)
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SG THAT THE REENTRY PROGRAMS WILL KNOW THAT ACQUI-

SITION DATA HAS NOT BEEN COMPUTED AND SENT. CONTROL

IS RETURNED TO MOPRIO AFTER THE OUTPUT PROCESSOR HAS

BEEN UNSUPPRESSED.

USAGE

MABORT IS ENTERED FROM AND EXITS TO MOPRIO.

I. STORAGE REQUIRED - 749 LOCATIONS

2. TIMING 17094) -

NOTE-ALL VECTOR TABLES ARE IN THE FOLLOWING FORMAT -

L(TABLE) t

•i x1
+2 y

+3 z

+4. _c 1
+6 :_

VECTOR TIME IN FLOATING

POINT GMT SECONDS

POSITICN VECTOR IN FLOATING

POINT GEMINI

LENGTH UNITS

VELOCITY VECTOR IN FLOATING

POINT GEMINI

VELOCITY UNITS

IN ADDITION, ALL TIMES, UNLESS OTHERWISE SPECIFIED, ARE

IN FLOATING POINT GMT SECONDS.
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QUANTITIES OUTPUT BY ABORT PROGRAM ARE MOVED FROM

TCCOUT TO TMLANA IN THE FOLLOWING FORMAT -

TCCOUT

+0

+I

+2

+3

+4

+5

+6

+7

+8

÷9

+I0

+ll

+18

÷19

+20

+21

+22

+23

+24

+25

+26

_UANTITY TMLANA

LATITUDE-PP +5

LONGITUDE-PP +6

DOWNRANGE DIST. +24

CROSSRANGE DISTo÷23

ALTITUDE +25

HEIGHT +19

GAMMA +20

INCLINATION ANG +21

VELOCITY +22

GMTRC +13

ESTRC +15

GTRSIEGT +9

GMTLC ÷lO

LATITUDE-IP +7

LONGITUDE-IP +8

LAT. - MIN. LIFT+II

LONG. - MIN, LIFT÷f2

LAI. - MAX LIFT +0

LONG. - MAX LIFT÷I

RECOVERY AREA ÷17

DATA SOURCE +4
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65, CLABRT - LOW ABORT PROCESSOR

THIS PRDGRAM IS USED DURING THE ABORT PHASE FOR

ABORTS PRIOR TD AMC (ABORT MODE CHANGEOVER) TO PRODUCE

THE RECUIRED OUTPUT DISPLAY QUANTITI[S. (SEE FLOWCHART).

INPUT

A) TABLES -

L(INPUT)

L(INPUT) t

+I x

+2 y y

A SEVEN-LOCATION TABLE

CONTAINING THE INPUT

VECTORS AND THEIR

ASSOCIATED TIME.

TIME OF VECTORS IN GMT

FLOATING POINT SECONDS

POSITION VECTOR IN

FLOATING POINT GEMINI

LENGTH UNITS+3 z

*5

*6

VELOCITY VECTOR IN

FLOATING POINT GEMINI

VELOCITY UNITS

L(MISSING DATA INDICATORI A ONE-CELL TABLE

CONTAINING THE INDICA-

TION OF WHETHER DATA

IS MISSING ON THE CUR-

RENT ENTRY

L(LIFT SWITCH SETTING) A ONE-CELL TABLE CON-

TAINING THE SETTING OF

THE LIFT SWITCH

TCAHC2 A ONE-CELL TABLE CON-
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TCRADF

TCRADG

TCRALF

TCRALG

TCRCAD

TCRCAL

TCLAFE

[AINING THE NOMINAL

LAUNCH/ABORT IMPACT

HEIGHT IN FLOATING

POINT GEMINI LENGTH

UNITS

A ONE-CELL TABLE CON-

TAINING THE OCTAL CODE

OF RECOVERY AREA F

A ONE-CELL TABLE CON-

TAINING THE OCTAL CODE

OF RECOVERY AREA G

A ONE-CELL TABLE CON-

TAINING THE LONGITUDE

UF RECOVERY AREA F IN

FLOATING POINT RADIANS

A ONE-CELL TABLE CON-

TAINING THE LONGITUDE

OF RECOVERY AREA G IN

FLOATING POINT RADIANS

A SEVEN-LOCATION TABLE

CONTAINING THE OCTAL

CODES OF THE RECOVERY

AREAS

A NINE-LOCATION TABLE

CONTAINING THE LONGI-

[UOES OF THE RECOVERY

AREAS IN FLOATING

POINT RADIANS

A ONE-CELL TABLE CON-

TAINING THE LOW ABORT

FIRST ENTRY INDICA-

TION. SET NON-ZERO
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TCICRT

TCBAM2

TCFFCT

B| CONSTANTS -

KMO000 DEC -0

KO0000 DEC 0

KOgO01 DEC l

KOaO0? DEC ?

KOG_O0 DEC I00

KO00.5 DEC 0,,5

KOO.PI

KO3_PI

KKK2PI

KCGUNM

AFTER FIRST ENTRY TO

LOW ABORT MADE.

A ONE-CELL TABLE CON-

TAINING THE INCLINA-

TION ANGLE CRITERION

IN FLOATING POINT

RADIANS

A ONE-CELL TABLE CON-

TAINING THE PROGRAM-

MED BANK ANGLE FOR

ABORT MODE 2 IN FLOAT-

ING POINT RADIANS

A ONE-CELL TABLE CON-

TAINING THE DELAY TIME

UNTIL LANDING IN

FLOATING POINT SECONDS

FIXED POINT MINUS ZERO

FIXED POINT ZERO

FIXED POINT ONE

FIXED POINT SEVEN

FIXED POINT ONE HUN-

DRED

FLOATING POINT ONE-

HALF

PI IN FLOATING POINT

RADIANS

J12 PI IN FLOATING

POINT RADIANS

2 PI IN FLOATING POINT

RADIANS

CONVERSION OF GEMINI
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O

OUTPUT

A) TABLES -

L[OUTPUT)

TCLAFE

TCRCAD÷5

TCRCAL+6

B) COMMUNICATION CELL -

MCAFIN

575

LENGTH UNITS TO NAUTI-

CAL MILES IN FLOATING

POINT

A TWENTY-SIX LOCATION

OUTPUT TABLE CON-

IAINING THE REQUIRED

CUTPUT DISPLAY QUANTI-

TIES PRODUCED FROM THE

INPUT VECTORS AND

THEIR ASSOCIATED TIME

{SEE TABLE)

SET NON-ZERU WHEN

FIRST ENTRY TO LOW

ABORT MADE

THE CODE OF EITHER RE-

COVERY AREA F OR G RE-

PLACES THE CONTENTS OF

THE SIXTH LOCATION OF

THE TCRCAD TABLE

THE LONGITUDE UF

EITHER RECOVERY AREA F

OR G REPLACES THE CON-

TENTS OF THE SEVENTH

LOCATION OF THE TCRCAL

TABLE

SET NON ZERO WHEN PRE-

SENT POSITION FALLS

BELOW THE NOMINAL
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LAUNCH/ABORT IMPACT

HEIGHT SPECIFIED IN

TCAHC2

METHOD

AFTER INITIALIZING, CLABRT ENIERS THE SUBROUTINE

CPRVCM TO COMPUTE ALL PRESENT VECTORS QUANTITIES FROM IHE

INPUT VECTORS AND THEIR ASSOCIATED TIME. THE RESULSTS

ARE THEN PLACED IN THE SPECIFIED OUTPUT TABLE.

ThE FOLLOWING QUANTITITES ARE SET TO ZERO - (I) THE

TIME OF RETROFIRE IN GMT AND IN ELAPSED TIME SINCE LIFT-

OFF (CALLED GMTRC AND ESTRC, RESPECTIVELY), (2) THE

ELAPSED TIME SINCE RETROFIRE (CALLED EGT), {3) THE TIME

IN GMT, THE RELATIVE VELOCITY MAGNITUDE, AND THE RELATIVE

FLIGHT PATH ANGLE AT THE HEIGHT DEFINING THE BEGINNING OF

THE ATMOSPHERE, (4) THE TIMES IN GMT AT THE BEGINNING AND

AT THE END OF THE BLACKOUT PERIOD, AND (5) THE TIME IN

GMT OF ARRIVAL AT THE NUMINAL LAUNCH/ABORT IMPACT HEIGHT.

THE LAUNCH NUMERICAL INTEGRATION PROGRAM, CORKNI, IS

ENTERED TWICE TO COMPUTE THE LATITUDE AND LONGITUDE OF

IMPACT USING, FIRST, A MINIMUM LIFT CONFIGURATION, AND

SECOND, A MAXIMUM LIFT CONFIGURATION. IF BOTH ENTRIES

TO THE INTEGRATOR ARE SUCCESSFUL, THE COMPUTED IMPACT

POINTS ARE PLACED IN THE OUTPUT TABLE. IF EITHER ENTRY

FAILS, BOTH LATITUDES ARE SET TO ZERO AND BOTH LONGITUDES

ARE SEI TC PI RADIANS.
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BOTH ENTRIES TO THE INTEGRATOR ARE StJCCESFUL, THE CUM-

PUTEC IMPACT POINTS ARE PLACED IN THE OUTPUT TABLE. IF

EITHER ENTRY FAILS, BOTH LATITUDES ARE SET TO ZERO AND

BOTH LONGITUDES ARE SET TO PI RADIANS.

SUBSEQUENT TO THE FIRST ENTRY, A MISSING DATA CHECK

IS MADE, AND IN THE EVENT THAT DATA IS MISSING, THE ALCOVE

IMPACT PREDICTION IS BYPASSED. ON THE FIRST ENTRY, THE

FIRST ENTRY INCICATOR IS SET NON-ZERO AND THE ABOVE IM-

PACT PREDICTION IS MADE REGARDLESS OF WHEIHER DATA IS

MISSING OR NOT.

THE SETTING OF THE LIFT SWITCH IS EXAMINED TO SELECT

THE PROPER BANK ANGLE. DNCE THE BANK ANGLE HAS BEEN

CHOSEN, IT CICTATES THE LIFT CONFIGURATION TO BE USED BY

CORKNI IN COMPUTING THE LATITUDE AND THE LONGITUDE OF

ACTUAL IMPACT.

ON A NORMAL RETURN FROM THE INTEGRATOR, THE TIME OF

LANDING IN GMT (CALLED GMTLC) IS COMPUTED BY ADDING A DE-

LAY FACTOR TO THE TIME ASSOCIATED WITH THE ACTUAL IMPACT

POINT. THE TIME OF THE IMPACT POINT, GMTLC AND THE

IMPACT POINT ARE PLACED IN THE OUTPUT TABLE.

BASED ON THE VALUE OF THE INCLINATION ANGLE COMPUTED

BY CPRVCM, THE CODE AND LONGITUDE OF EITHER RECOVERY

AREA F OR G ARE PLACED IN THE TCRCAC AND TCRCAL TABLES,

RESPECTIVELY. THEN, THE CODE AND LONGITUDE OF THE RECO-

VERY AREA CLOSEST TO THE LONGITUDE OF ACTUAL IMPACT ARE

STORED AS THE CODE AND LONGITUDE OF THE SELECTED RECOVERY

AREA.

ON AN ERROR RETURN FROM THE INTEGRATOR IN ATTEMPTING

TC CCMPUTE ThE ACTUAL IMPACT POINT, THE LATITUDE OF IM-

PACT ANC THE GMTLC ARE SET TO ZERO, IHE LONGITUDE OF IM-

PACT IS SET TO PI RADIANS, AND THEN THE SELECTED RECO-

VERY AREA BECOMES THE FICTITIOUS AREA, H.
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FINALLYt CLABRT DETERMINES WHETHER THE ABORT PHASE

IS FINISHED BY COMPARING THE COMPUTED HEIGHT OF THE

SPACECRAFT ABOVE AN OBLATE EARTH TO THE NOMINAL LAUNCH/

ABORT IMPACT HEIGHT. THE CELL MCAFIN IS THEN SET ACCOR-

CINGLY BEFORE CLABRT RETURNS TO THE MAIN PROGRAM.

USAGE

A) CALLING SEQUENCE -

TSX CLABRTt4

PZE L(INPUT),tL(OUTPUT}

PZE L(MISSING DATA INDICATOR},_

L(LIFT SWITCH SETTING}

RETURN

B} STORAGE REQUIRED -

171 LOCATIONS

C) TIMING (7094) -

6.278 MILLISECONDS, MAXIMUM (EXCLUDING TIME

REQUIRE_ FOR C,)RKNI)
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TABLE 65-1o OUTPUT TABLE FOR CLABRT

LOCATION

L(OUTPbT)

÷I

+2

+3

+4

+5

+6

+7

+8

+9

+I0

+11

+12

+14

+15

+16

+17

+IB

+19

_ZO

DESCRIPTION UNITS

LATITUDE OF PRESENT POSI- RADLANS

TION

LONGITUDE OF PRESENT PDSI-RADIANS

TION

DOWNRANGE DISTANCE

CROSSRANGE DISTANCE

HEIGHT OF SPACECRAFT

ABOVE A SPHERICAL EARTH

HEIGHT OF SPACECRAFT

ABOVE AN OBLATE EARTH

FLIGHT PATH ANGLE

INCLINATION ANGLE

VELOCITY MAGNITUDE

0

0

0

0

0

0

0

0

GMT OF ARRIVAL AT NOMINAL SECONDS

ABORT IMPACT HEIGHT

GMT OF LANDING COMPUTED

LATITUDE OF IMPACT

LONGITUDE OF IMPACI

NAUTICAL MILES

NAUTICAL MILES

NAUTICAL MILES

NAUTICAL MILES

RADIANS

RAD[ANS

FEET/SECOND

SECONDS

RADIANS

RADIANS
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TABLE hS-l. OUTPUT TABLE FOR CLABRT

LOCATION DESCRIPTION UNITS

+21 LATITUDE OF IMPACT USING RADIANS

A MINIMUM LIFT CONFIGU-

RATION

+22 LONGITUDE OF IMPACT USING RADIANS

A MINIMUM LIFT CCNFIGU-

RATION

+23 LATITUDE OF IMPACT USING RADIANS

A MAXIMUM LIFT CONFIGU-

RATION

÷24 LONGITUDE OF IMPACT USING RADIANS

A MAXIMUM LIFT CCNFIGU-

RATION

+25 RECOVERY AREA SPECIAL OCTAL

CODE

(NOTE - ALL QUANTITIES ARE IN FLOATING POINT UNLESS

OTHERWISE NCTED. I
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CLCN[

** • CORCN1 •

_C0_X m COMPUTE L,O,k **
• • * WITH IVffN LIFT •

• * ••t*•***•*m**••m*

: SAvE_R'SZ,:
eiIJeIH*oioeee

• • CLAER CLIFE

• ._ES -'O'_TO_1.2"- ....
• * **•" • • INTO22.2 _..._ AS*,

IS THERE AN • ........ *Olm..X•
ERRUR . • • 0 INTO23.2 • *582e

• • •• • x INTO24.2 * **••

:"F_'_;_":
• LIOUTPUTI *
• INT0 XRZ. •
• L(INPUTI INTO•
• Atfi,CtO •

INTO 21.2 -_iNTO Z_.2

.. .... _;;;_; .... .
CCMPUTE ALL *

.m PRESENT •

• VECTORS
• QUANTITIES •

k

** q_pp INTO O. 2

*_.p INTO 1, 2 •

• K0H INTO 5, 2 *

X

• B INTO 3, 2 •

i KIVINTO

• y INTO 6,2 •

1 FNTO 7, 2

CLCM2

+o INTO eANK_

• L

•*m••••*•••••*•

• CORCN1 ••

• COMPUTE t, 0, k

• WITH MAX UFT
• ..

• CLAER

• • *YES ee•

• IS THERE AN mX DL•

ERROR

• ••*• •

0 iNTO 9 2 mBbe..X_ UNEQUAL OTHRU ZT,_ _ INTO F _ ...........

:.............: .* :.............:

• YES •mm

• is _ %_o,_,0 : .i. _:.
• *•t

°

• CLIFT

• myE S m•e•

• MISSING GATA *X AO *m

ENTRY •582e

_ ......................... • .........................

CLCMI

: MINUS 0 INTO:..._( CC**

BANK L • • •
• *••

CLIFT

!_INTO.._ -:...i ,_.
[NIU 2_.Z * m582 m

• m•**

meem•mem•em•m•m
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CLIFT * • • • egeeaeeeo.aale_LCMB

_''- • " IS LIFT "Y_S : : .'*'. .''. ! .............

eAO • SETTING • .............. X t PLUS 0 I TO •...X A3e eC0e**Xe O INTO i

• • • GREATER THAN * • _ANK _ ; eeee, eeee ieeeeeeeeeeeee,

NO

• • GLCMB CLARA • •

• * • =YES * X =NO
• IS LIFT • • * e*=*• •**. • IP •

• SETTING LESS , .............. _e H|NUS O INTO_.°.X A3 • •C_•_ GREATER THAN * ........

THAN I • • BANK L • • • •••• • • XI+ _i+1 • •

• •••,••••••••** •------n

;o " • ;ES

i ABORT PCDE 2•

PROGRAPNEO •
BANK L INTO •

BANK L •

GLCNB • • • •

e•e• •• ,,•ele•eee•eee•• • • •NO•

• A3•X CORKNI • IS I E_UAL FU
• • • COMPUTE t_ • *

_Es

• OLHGT

• " " .,ES "-------'-';";'{_T_'; ...
• • • o i_To19.2 :...; c_:• IS THERE AN . .............. x•

ERROR • _ INTO20.2 . • •
• H {NTO 2_.2 • •••

• •••H•e••••••l•

• _o

TIp INTO 17,2

GMTLC _ Tip 47

MINS INTO 18.2

_IP INTO 19.2

_IP INTO 20.2

_S L •NO• GREATER •

THAN

• CRI TERICN •

;ES

CLARA
•••••••••••••••

...............x. i+_ ,HToI :...;_:

• USE lONGITUDE• *USE L NGITUDE•
• AND CODE OF • • ANU _ODE OF •

• AREA F * • AREA G •

.............. : : ............. :

.X ...................... . .........

i ° •TES ...
• •_p LT/ = TO 3/2 ," • X: IF • :..._ O0 T

• • ..... " ....... " • INTO Zip ; •*•

R•

: 6 I.T., :

.x .................

i

! RA'=s!_'°!

CLHGT

** • * *yEs _*"....**'****_

*eC6_X • IS H LESS ............... X_L INTO MGAFIN_

• • • IHAN HC 2 • •

• • • i*• • •He•HeI•m•

• NO

;X ................................

El_REX

•
i_ RESTORE XR'S•

• 2t *" •

: ............. :

• EXll

into ; coi
• •H
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60. C_ABRT - LAUNCH PROCESSOR FOR HIGH ABORT

THIS PROGRAM IS USED TO GENERATE THE REQUIRED OUTPUT

DISPLAY QUANTITIES WHEN A DECISION IS MADE TO ENTER THE

ABORT PHASE AFTER THE HOLD PHASE DISPLAYS BASED ON THE

AVERAGE VECTORS COMPUTATIONS HAVE BEEN EVALUATED. (SEE

FLOWCHART.)

INPUT

A) TABLES

L(INPUT) -

L[TYPE ENTRY)

L(T/M

INDICATED

RETROFIRE

INFORMATION)

L(CURRENT

TIME)

L(GMTRC OR

GMTRF)

A SEVEN-LOCATION TABLE CONTAINING

THE INPUT AVERAGE VECTORS FROM

THE SOURCE SELECTED WHEN THE

ABORT SWITCH WAS THROWN

CONTAINS THE TYPE OF ENTRY BEING

MADE TO THE PROGRAM IN FIXED

POINT_ B35

A FIVE-LOCATION TABLE CONTAINING

IN THE FIRST CELL THE NUMBER OF

RETROROCKEIS FIRED IN FIXED

POINT, B35, IN THE SECOND THROUGH

FIFTH CELLS IHE TIMES OF FIRING

OF RETROROCKETS 1,3,2, AND 4, IN

THAT ORDER, IN FLOATING POINT GMT

SECONDS. THE TIME OF ANY RETRO-

ROCKETS THAT DOES NOT FIRE IS SET

TO ZERO.

CUNTAINS CURRENT TIME IN FLOATING

POINT GMT SECONDS

CONTAINS THE TIME OF RETROFIRE IN

GMT FLOATING POINT SECONDS,
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TCAHC2

EITHER COMPbTED OR FROM TELEMETRY

LILIFT SWITCH CONTAINS THE SETTING OF THE LIFT

SETTING} SWITCH, WHICH MAY BE 3,1, OR 2

IMPLYING THE USE OF MINIMUM,

PROGRAMMED, OR MAXIMUM LIFT, RES-

PECTIVELY, IN FIXED POINT, B35

CONTAINS THE NOMINAL ABORT IMPACT

HEIGHT IN FLOATING POINT GEMINI

LENGTH UNITS.

TCAHCI CONTAINS THE HEIGHT DEFINING THE

BEGINNING OF THE ATMOSPHERE IN

FLOATING POINT GEMINI LENGTH

UNITS

CONTAINS THE ABORT MODE 3 PRO-

GRAMMED BANK ANGLE IN FLOATING

POINT RADIANS

TCERR3 ZERO IF THE REENTRY HEIGHT AND

VECTOR TABLES HAVE BEEN GENER-

ATED, OTHERWISE, NON-ZERO

ZERO IS THE ABORT ORBIT VECTOR

TABLE HAS BEEN GENERATED, OTHER-

WISE, NON-LERO

CONTAINS THE DELAY TIME FROM THE

TIME OF ARRIVAL AT THE NOMINAL

ABORT IMPACT HEIGHT TO THE TIME

OF LANDING IN FLOATING POINT

SECONDS

CONTAINS THE HEIGHT AT THE BE-

GINNING OF THE BLACKOUT PERIOD IN

FLOATING POINT GEMINI LENGTH

UNITS

CONTAINS THE HEIGHT AT THE END

TCBAM3

TCERR4

TCFFCT

TCHBOI

TCHB02
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TCRCAD

TCRCAL

TCRFTQ

TCRKOH

TCRKOT

OF THE BLACKOUT PERIOD IN FLOAT-

ING POINT GEMINI LENGTH UNITS

A SEVEN-LOCATION TABLE CONTAINING

THE CODES OF THE RECOVERY AREAS

IN OCTAL

A NINE-LOCAIION TABLE CONTAINING

THE LONGITUDES OF THE RECOVERY

AREAS IN FLOATING POINI RADIANS

ZERO IF THE INERTIAL PLATFORM

WILL NOT BE TORQUED DURING RETRO-

FIRE

THE ABORT/REENTRY HEIGHT TABLE

ARRANGED AS FOLLOWS - tstart

tstop , H 1' H 8, H 3, ETC., WHERE

tstart IS IHE TIME ASSOCIATED

WITH THE FIRST HEIGHT ENTRY IN

IHE TABLE, tstop IS THE TIME

ASSOCIATED WITH THE LAST HEIGHT

ENTRY IN THE TABLE, AND H i ARE

THE HEIGHT ENTRIES IN THE TABLE.

ALL TIMES ARE IN GMT FLOATING

POINT SECONDS. HEIGHT ENTRIES ARE

IN FLOATING POINT GEMINI LENGTH

UNITS.

THE ABORT ORBIT VECTOR TABLE

ARRANGED AS FOLLOWS -tstar t

tstop ,r 1,v 1,r 2,v 2, ETC., WHERE

IS THE TIME ASSOCIATED
tstart
WITH THE FIRST POSITION, VELOCITY

VECTOR ENTRIES IN THE TABLE, tstop

IS THE TIME ASSOCIATED WITH THE

LAST POSITICN, VELOCITY VECTOR
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B)

TCRKRT

TCRRPY

TCWF.B

TCWF.R

TC6RCW

TRKOIH

TRKRIH

TC2OOK

CONSTANTS -

KOGOO0

KO0001

KOOU02

ENTRIES IN THE TABLE, AND __'_i

ARE THE POSITION ANt) VELOCITY

VECTOR ENTRIES. ALL TIMES ARE IN

FLOATING POINT GMT SECONDS, _. ARE
1

IN FLOATING POINT GEMINI LENGTH

UNITS, _i ARE IN FLOATING POINT

GEMINI VELOCITY UNITS

THE ABORt REENTRY VECTOR TABLE

ARRANGED AS TCRKOT.

A THREE-LOCATION TABLE CONTAINING

THE ROLL, PITCH AND YAW ANGLES

FOR USE IN NON-NOMINAL RETROFIRE

SEQUENCES IN FLOATING POINT

RADIANS

THE ORBIT SPACECRAFT WEIGHT IN

FLOATING POINT POUNDS

THE REENTRY SPACECRAFT WEIGHT IN

FLOATING POINT POUNDS

THE WEIGHT OF THE SPACECRAFT AT

THE BEGINNING OF RETROFIRE IN

FLOATING POINT POUNDS.

THE INTERVAL BETWEEN POSITION,

VELOCITY VECTOR ENTRIES IN TCRKOT

IN FLOATING POINT SECONDS

THE INTERVAL USED IN TCRKRT AND

TCRKOH IN FLOATING POINT SECONDS.

200,000 FEET IN GEMINI LENGTH

UNITS, FLOATING POINT

DEC 0

DEC i

DEC 2

FIXED POINT ZERO

FIXED POINT ONE

FIXED POINT TWO
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KO0003 DEC 3

KOOU04 DEC 4

KOOO07 DEC 7

KOOG30 DEC 30

KO0100 DEC 100

KKG360 DEC 360

K03600

KMOOO0

KO00.5

K005.5

KO15.0

KOO.PI

KO3HPI

KKK2PI

KCGUNM

KFTSCG

K.OMEG

K.MOMG

FIXED POINT THREE

FIXED POINT FOUR

FIXED POINT SEVEN

FIXED POINT THIRTY

FIXED POINT HUNDRED

FIXED POINT THREE

HUNDRED SIXIY

DEC 360Q FIXED POINT THIRTY-SIX

HUNDRED

DEC -0 FIXED POINT MINUS ZERO

DEC 0.5 FLOATING POINT ONE-HALF

DEC 5.5 FLUATING POINT FIVE AND

ONE-HALF

DEC 15.0 FLOATING POINT FIFTEEN

PI IN FLOATING POINT

RADIANS

THREE HALVES P/ IN

FLOATING POINT RADIANS

TWICE PI IN FLOATING

POINT RADIANS

CCNVERSION OF GEMINI

LENGTH UNITS TO NAUTICAL

MILES, FLOATING POINT

CONVERSION OF GEMINI

VELOCITY UNITS TO FEET/

SECOND IN FLOATING POINT

ROTATION OF EARTH IN

RACIANS PER GEMINI TIME

UNIT, FLOATING POINT

NEGATIVE ROTATION OF

EARTH IN RADIANS PER

GEMINI TIME UNIT, FLOAT-
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C)

D)

ING POINT

KCH233 OCT 233000000000

CHARACTERISTIC OF 233

OCTAL

COMMUNICTAIUN CELL -

MCLFTM TIME OF LIFT-OFF IN FLOATING

POINT SECONbS

SUBROUTINES -

CHABRT USES THE SUBROUTINES CTSFT3, CORKNI,

C6PTLIt CABDAT_ C6RETC, C2TAFHe CPRVCM, A3GPI2

AND THE LIBRARY SUBROUTINES UIVMAG AND UIASCO IN

ITS COMPUTATIONS.

OUTPUT

THE OUTPUT PRODUCED BY CHABRT DEPENDS UPON THE TYPE

OF ENTRY MADE TO THE PROCESSOR -

TYPE 1

A) TABLES -

TCRKOH THE ABORT REENTRY HEIGHT TABLE

TCRKOT THE ABORT ORBIT VECTOR TABLE

TCRKRT THE ABORT REENTRY VECTOR TABLE

L(OUTPUT) THE COMPLETE TWENTY-SIX LOCATION OUT-

PUT TABLE CONTAINING THE COMPUTED

DISPLAY QUANTITIES

COMMUNICATION CELLS -

MCAFIN SET TO FIXED POINT ONE, B35 IF ABORT

PHASE IS FINISHED, OTHERWISE, ZERO.

MCESAB FIRST INTEGRAL SECOND AFTER BURNOUT

OF RETROROCKETS IN FIXED POINT B35,

SET TO ZERO WHEN EITHER AN ORBIT OR

REENTRY INTEGRATION TABLE IS NOT

AVAILABLF.

B)
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TYPE 2

A)

B)

TYPE 3

A)

B)

TYPE 4

A)

B)

TABLES -

TCRKOH THE ABORT REENIRY HEIGHT IABLE

TCRKRT T_E REENTRY VECTOR TABLE

L(OUTPUT) THE COMPLETE TWENTY-SIX LOCATION OUT-

PUT TABLE CONTAINING THE COMPUTED OUT-

PUT DISPLAY QUANTITIES

COMMUNICATION CELLS -

MCAFIN SET TO FIXED POINT ONE, B35, IF ABORT

PHASE IS FINISHED, OTHERWISE, ZERO

MCESAB FIRST INTEGRAL SECOND AFTER BURNOUT OF

RETROROCKETS IN FIXED POINT B35, SET

TO ZERO WHEN EITHER AN ORBIT OR

REENTRY INTEGRATION TABLE IS NOT

AVAILABLE.

TABLE -

L|OUTPUT) THE FIRST TWELVE CELLS OF THE TWENTY-

SIX LOCATION OUTPUT TABLE ARE FILLED

WITH THE COMPUTED PRESENT VECTORS DIS-

PLAY QUANTITIES

COMMUNICATION CELL --

MCAFIN SET TO FIXED POINT ONE, B35, IF ABORT

PHASE IS FINISHED, OTHERWISE, ZERO.

TABLE --

L{OUTPUT) A SEVEN-LOCATION OUTPUT TABLE CONTAIN-

ING THE PUSITIUN AND VELOCITY VECTORS

ASSOCIATED WITH IHE TIME OF RETRUFIRE

COMMUNICATION CELL --

MCNRV4 SET TO ZERO IF THE POSITION AND

VELOCITY VECTORS ASSOCIATED WITH THE
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TIME OF RETROFIRE ARE AVAILABLE IN THE

OUTPUT TABLEt OTHERWISE, SET TO FIXED

POINT ONE, B35

METHOD

AFTER SAVING INDEX REGISTERS AND INITIALIZING CHABRT

SAVES THE GIVEN TIME OF RETROFIRE (EITHER THE TIME COM-

PUTED IN THE HOLU PHASE OR THE TIME RECEIVED FROM TELE-

METRY) FOR LATER COMPUTATIONS OF THE POSITION AND VELO-

CITY VECTORS ASSOCIATED WITH THIS lIME. IT THEN DETER-

MINES ThE TYPE OF ENTRY BEING MADE ND PROCESSES THE DATA

ACCORDINGLY.

TYPE I ENTRY -

THE TYPE 1 ENTRY IS THE FIRST ENTRY MADE TO CHABRT

AND IS USED TO GENERATE THE INITIAL OUTPUT OISPLAY

QUANTITIES.

BEFORE ATTEMPTING TO GENERATE THE ORBIT VECTOR TABLE

USING THE INPUT AVERAGE VECTORS AS IHE ANCHOR VECTORS,

CHABRT SETS AN INDICATOR NON-ZERO TO SHOW THAT THE ABOVE

TABLE HAS NOT BEEN GENERATED YET.

THE SUBROUTINE, CTSFT3, IS ENTERED TO COMPUTE THE

TIME STEP TO BE USED BY INTEGRATION IN SETTING UP THE

TABLE. CN AN ERROR RETURN, ENTRY TO THE INTEGRATOR IS

BYPASSED AND THE INDICATOR REMAINS NON-ZERO.

ON A NORMAL RETURN FROM THE SUBROUTINE, THE INTE-

GRATOR, CORKNI, IS ENTERED TO SET UP THE ORBIT VECTOR

TABLE. IF IT IS SUCCESSFUL, CHABRT RESETS THE INDICATOR

TO ZERO SO THAT THE NEW TABLE MAY BE USED FOR COMPUTA-

TIONS. OTHERWISE, THE INDICATOR REMAINS NON-ZERO SO THAT

THE TABLE WILL NOT BE USED.

IF THE GIVEN TIME OF RETROFIRE IS ZERO, AS IN AN

OVERSPEED CASE, CONTROL IS GIVEN IO C). IF THIS TIME IS
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NOT ZERO, AND T_E ORBIT VECTOR TABLE IS AVAILABLE, THE

SUBROUTINE C6PTLI IS ENTERED TO INTERPOLATE FOR THE

POSITICN AND VELOCITY VECTORS AT THE BEGINNING OF RETRU-

FIRE. IF EIIHER THE TABLE IS NOT AVAILABLE OR C6PTLI

FAILS TC PRODUCE THE REQUIRED VECTCRS, CHABRT USES THE

SUBROUTINE CABDAI TO INTEGRATE THE INPUT AVERAGE VECTORS

TO THE TIME OF RETROFIRE USING A MINIMUM LIFT CONFIGU-

ATION AND CAPSULE ORBIT WEIGHT. IF CABDAT ALSO FAILS,

CONTROL IS PASSED TO C).

OTHERWISE, THE VECTORS AT THE BEGINNING OF RETRO-

FIRE ARE PROCESSED BY THE SUBROUTINE C6RETC TO REFLECT

SPACECRAFT CONDITIONS AT THE END OF RETROFIRE IN A NORMAL

SITUATICN. AN ERROR RETURN FROM THIS SUBROUTINE CAUSES A

TRANSFER OF CONTROL TO C).

A) THE NEXT INTEGRAL SECOND AFTER BURNOUT IS

COMPUTED AND PLACED IN CELL MCESAB FOR USE BY

THE ACQUISITION DATA GENERATION PROGRAM. THE

INTEGRATOR THEN USES THE POSITION AND VELOCITY

VECUTRS AT THE END OF RETORFIRE AS THE ANCHOR

VECTORS IN GENERATING THE ABORT REENTRY VECTOR

AND HEIGHT TABLES. THE LIFT CONFIGURATION

APPLIED IS THAT SPECIFIED BY THE GIVEN SETTING

OF THE LIFT SWITCH. IF THE INTEGRATOR IS UN-

SUCCESSFUL IN OBTAINING THE DESIRED TABLES,

CONTROL IS PASSED TO C).

B) IF THE TABLES ARE SUCCESSFULLY GENERATED, CHABRT

SETS A SECOND INDICATOR ZERO TO SHOw THIS AND

COMPUTES THE FOLLOWING QUANTITIES FOR OUTPUT -
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C)

X} THE TIME OF ARRIVAL AT THE HEIGHT DEFINING

THE BEGINNING OF THE AIMOSPHERE.

2) THE RELATIVE FLIGHT PAIFI ANGLE AND THE MAG-

NITUDE OF THE RELATIVE VELOCITY VECTORFROM

THE VECTORSASSOCIATECWITH THE TIME OF

ARRIVAL AT 350,000 FEET ABOVETHE EARTH.

3) THE TIMES OF ARRIVAL AT THE HEIGHTS DEFINING

T_E BEGINNING AND THE END OF THE BLACKOUT
PERIOD.

4) THE TIME OF ARRIVAL AT THE NOMINAL ABORT IM-

PACT HEIGHT AND, AFTER ADDING A PREDETER-

MINED DELAY FACTORt THE TIME OF LANDING.

5) THE LATITUDE AND THE LONGITUDE OF IMPACT

FROM THE VECTORS ASSOCIATED WITH THE TIME OF

ARRIVAL AT THE NOMINAL ABORT IMPACT HEIGHT

AND THE RECOVERY AREA ASSOCIATED WITH THE

IMPACT POINT.

6) THE LONGITUDE AND LATITUDE OF IMPACT USING

BOTH THE MINIMUM AND THE MAXIMUM LIFT CON-

FIGURATIONS.

IF AN ERROR RETURN IS MADE FROM ANY OF

THE ABOVE COMPUTATIOi_S, THE QUANTITIES IN

ERROR ARE SET TO ZERU EXCEPT LONGITUDE OF

IMPACT (SET OFF THE PLOTBOARD SCALED AND THE

RECOVERY AREA (SET TO A FICTITIOUS AREAt H).

CHAflRT THEN CONTINUES AS DESCRIBED UNDER A

TYEP 3 ENTRY.

THE SECOND INDICATOR IS SET NON-ZERO TO SHOW

THAT THE ABORT REENTRY VECT(IR AND HEIGHT TABLES

HAVE NOT BEEN GENERATED. ALL OF THE QUANTITIES

COMPUTED FROM THESE TABLES ARE THEN SET TO ZERO

EXCEPT LONGITUDES OF IMPACT (SET OFF THE PLOT-
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0

BOARD SCALE) AND THE RECOVERY AREA (SET TO A

FICTITIOUS AREA, H). THE PRUGRAM THEN CONTINUES

AS DESCRIBED UNDER A TYPE 3 ENTRY.

TYPE 2 ENTRY

THIS ENTRY IS MADE THIRTY SECONDS AFTER THE TELE-

METRY INDICATED TIME OF FIRING OF ThE FIRST RETROROCKET

TO GENERATE NEW OUTPUT DISPLAYS BASEl) ON THE CURRENT

RETROFIRE INFORMATION. EACH TIME THE TELEMETRY INDICATED

NUMBER OF RETRORCCKETS FIRED OR THE TIME OF FIRING OF ANY

RETROROCKET CHANGES, THIS ENTRY IS AGAIN MADE TO UPDATE

THE DISPLAYS. HOWEVER, IF A MANUAL I_SERTION MESSAGE

CONTAINING RETROFIRE INFORMATION IS RECEIVED PRIOR TO ANY

TELEMETRY INDICATIONS OF RETORFIRE, THIS TYPE OF ENTRY IS

OMITTED.

IF AN ABORT ORBIT VECTOR TABLE HAS BEEN GENERATED

USING THE INPUT AVERAGE VECTORS AS THE ANCHOR VECTORS,

THE SUBROUTINE C6PTLI IS ENTERED TO INTERPOLATE FOR THE

POSITION AND VELOCITY VECTORS AT THE GIVEN TIME OF RETRO-

FIRE. IF THE SUBROUTINE IS SUCCESSFUL, CONTROL PASSES TO

A). IF EITHER THE SUBROUTINE CANNOT SUCCESSFULLY INTER-

POLATE FOR THE DESIRED VECTORS UR THE VECTOR TABLE IS NOT

AVAILABLE, CABDAT IS ENTERED TO INTEGRATE THE INPUT

AVERAGE VECTORS TO THE TIME OF RETROFIRE USING A MINIMUM

LIFT CCNFIGURATION AND THE CAPSULE ORBIT WEIGHT. IF

CABDAT PRODUCES THE DESIRED VECTORS, CONTROL IS GIVEN TO

A). IF CABDAT ALSO FAILS, CONTROL PASSES TO C) UNDER TYPE

I ENTRY.

A) THE VECTORS AT THE BEGINNING OF RETROFIRE ARE

THEN PROCESSED TO REFLECT SPACECRAFT CONDITIONS

AT THE END OF RETROFIRE BY C6RETC. ENTRY TO THE

SUBROUTINE C6RETC IS MADE VIA THE NON-NOMINAL
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BRANCH WITH THE NON-NOMINAL RETROFIRE TABLE

SET UP AS FOLLOWS -

i) THE FIRST FIVE CELLS CCNTAIN THE GIVEN NUM-

BER OF RETROROCKETS FIRED AND THE TIMES OF

FIRING OF RETROROCKETS NUMBERED It 3, 2 AND

4 IN THAT ORDER. IF ANY RETROROCKET HAS NOT

FIRED, ITS TIME OF FIRING MUST BE SET TO

ZERO.

2) THE LAST THREE CELLS CCNTAIR THE ROLL, PITCH

AND YAW ANGLES, RESPECTIVELY, OF THE SPACE-

CRAFT AT THE BEGINNING OF RETROFIRE.

FAILURE TO COMPUTE THE DESIRED VECTORS BY C6RETC

PRODUCES A tRANSFER TO C) UNDER TYPE Z ENTRY. ON A NOR-

MAL RETURN FROM C&RETC, CONTROL IS GIVEN TO A) UNDER TYPE

I ENTRY.

TYPE 3 ENTRY

THIS ENTRY IS MADE EVERY COMPUTING CYCLE PRIOR TO

THE RECEIPT OF A MANUALLY INSERTED RETROFIRE MESSAGE TO

PRODUCE THE PRESENT VECTORS QUANTITIES EXCEPT WHEN A TYPE

I OR A [YPE 2 ENIRY IS MADE.

THE POSITION AND VELOCITY VECTORS AT THE CURRENT

TIME, FROM WHICH THE PRESENT VECTORS QUANTITIES ARE COM-

PUTEC ARE OBTAINED AS FOLLOWS - THE SUBROUTINE C6PTLI

INTERPCLATES FOR THE DESIRED VECTORS FROM EITHER THE OR-

BIT VECTOR TABLEt IF THE NUMBER OF RETROROCKETS FIRED IS

ZERO, OR FROM TFE REENTRY VECTOR TABLE, IF THE NUMBER OF

RETRORCCKETS FIRED IS NON-ZERO. IF THE ORBIT VECTOR

TABLE IS TO BE USED AND HAS NOT BEEN GENERATED OR CbPTLI

CANNOT SUCCESSFULLY INTERPOLATE FOR THE VECTORS, CHABRT

ATTEMPTS TO GENERATE THE DESIRED VECTORS BY USE OF
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CABDAT. IF CABDAT HAS AN ERROR RETURN OR IF THE REENTRY

TABLE WAS IN USE, CHABRT SETS ALL OF THE PRESENT VECTORS

QUANTITIES TC PREDETERMINED VALUES AND CONTINUES AS IN

B).

A) USING THE CURRENT VECTORS OBTAINED, THE SUBROU-

TINE CPRVCM IS ENTERED TO COMPUTE THE PRESENT

VECTORS QUANTITIES WHICH ARE THEN PLACED IN IHE

CUTPUT TABLE.

IF THE COMPUTED HEIGHT OF THE SPACECRAFT

ABOVE AN OBLATE EARTH FALLS BELOW THE NOMINAL

ABCRT IMPACT HEIGHT, THE CELL MCAFIN IS SET TO

ONE, INDICATING THAT THE ABORT PHASE IS FI-

NISHED. THEREAFTER, ONLY TYPE 4 ENTRIES TO

CHABRT SHOULD BE MADE. OIHERWISE, THE CELL

REMAINS ZERO. CHABRT CONTINUES AS DESCRIBED IN

B).

B) THE TIME OF RETROFIRE IS PLACED IN THE OUTPUT

TABLE. IF THIS TIME IS ZERO, THE QUANTITIES

COMPUTED FROM IT - THE ELAPSED TIME OF RETROFIRE

AND THE TIME REMAINING UNTIL OR THE TIME SINCE

RETROFIRE - ARE ALSO SET TO ZERO.

IF THE TIME OF RETROFIRE IS NOT ZERO, THE

ELAPSED TIME OF RETROFIRE IS COMPUTED BY SUB-

TRACTING FROM THE GIVEN TIME OF RETROFIRE THE

TIME OF LIFT-OFF AND IS PLACED IN THE OUTPUT

TABLE.

THE FINAL QUANTITY - THE TIME REMAINING UN-

TIL OR THE TIME SINCE REIROFIRE - IS DEFINED TO

BE THE DIFFERENCE BETWEEN IHE GIVEN TIME OF RE-

TROFIRE AND CURRENT TIME. THIS DIFFERENCE IS

PLACED IN THE OUTPUT TABLE IF EITHER THE TELEME-

TRY INDICATES THAT AT LEAST ONE RETROROCKET
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FIRED OR TELEMETRY SHOWS THAT NO RETROROCKETS

FIREDt BUT THIS DIFFERENCE IS GREATER THAN ZERO.

OTHERWISE_ THIS QUANTITY IS SET TO ZERO.

CHABRT THEN RESTORES INDEX REGISTERS AND RE-

TURNS CONTROL TO THE CALLING PROGRAM.

TYPE 4 ENTRY

THE TYPE 4 ENTRY IS MADE AFTER THE RECEIPT OF A MA-

NUAL INSERTION MESSAGE CONTAINING RETROFIRE INFORMATION

TO PROCUCE THE POSITION AND VELOCITY VECTORS ASSOCIATED

WITH THE TIME OF RETROFIRE FOR SUBSEQUENT USE BY THE RE-

ENTRY PROCESSORS.

IF THE ORBIT VECTOR TABLE IS AVAILABLEt THE SUBROU-

TINE C6PTLI IS USED TO INTERPOLATE FOR THE DESIRED VEC-

TORS. IF THE SUBROUTINE IS SUCCESSFUL IN OBTAINING THE

VECTORS_ CHABRT INDICATES THIS BY SEllING THE CELL MCNRV4

TO ZERO. RETURN IS THEN MADE TO THE CALLING PROGRAM.

IF EITHER THE VECTOR TABLE IS NOT AVAILABLE OR THE

SUBROUTINE CANNOT INTERPOLATE FOR THE DESIRED VECTORSt

CHABRT USES CABDAT TO INTEGRATE THE INPUT AVERAGE VECTORS

TO THE TIME OF RETROFIRE USING A MINIMUM LIFT CONFIGURA-

TION AND THE CAPSULE ORBIT WEIGHT. IF CABDAT PRODUCES

THE VECTORS, MCNRV4 IS SET TO ZERO TO INDICATE THAT THE

VECTORS ARE AVAILABLE AND RETURN IS MADE TO THE CONTROL

PROGRAM.

IF CABDAT CANNOT OBTAIN THE VECTORSt MCNRV4 IS SET

TO ONE TO SHOW THIS FACT BEFORE THE CALLING PROGRAM IS

GIVEN CONTROL.

596



VGL liT REAL TIME PROCESSORS PART I - LAUNCH/ABORT

USAGE

A} CALLING SEQUENCE -

TSX CHABRT,4

PZE LIINPUT AVERAGE VECTORS),,L{OUTPUT)

PZE LITYPE ENTRY),,L{T/M INDICATED RETROFIRE

INFORMATION}

L|CURRENT TIME},,L(GMTRCIF)

L(LIFT SWITCH SETTING)

PZE

PZE

RETURN

ON A TYPE I ENTRY, THE FIRST CELL IN THE T/M INDI-

CATED RETROFIRE INFORMATION TABLE MUST BE ZERO INDICATING

NO RETROROCKETS FIRED. ON A TYPE 2 ENTRY, THIS CELL MUST

CONTAIN A NON-ZERO QUANTITY NOT TO EXCEED 4.

B} SORAGE REQUIRED - 442 LOCATIONS EXCLUDING STOR-

AGE REQUIRED BY SUBROUTINES AND TABLES}.

C) MISCELLANEOUS -

THE REENTRY TABLES ALLOW STOARGE FOR ONLY 60 MINUTES

OF FCRWARD INTEGRATION. THUS, IF ONLY ONE OR TWO RETRO-

ROCKETS FIRE, THE REENTRY HEIGHT CRITERIA WILL NOT BE

REAC_ED. THEREFORE, NO REENTRY DISPLAYS WILL BE GENER-

ATED.

IF PRESENT POSITION FALLS BELOW THE NOMINAL ABORT

IMPACT HEIGHT CRITERION, THE CELL MCAFIN IS SET TO ONE

INDICATING THAT ONLY TYPE 4 ENTRIES SHOULD BE MADE FROM

HERE ON. THIS IS DONE BECAUSE I) THE VECTORS PRODUCED BY

TYPE 4 ENTRY WILL SHORTLY BE TURNED OVER TO THE REENTRY

PHASE PROCESSORS AND 2} ANY OTHER TYPE OF ENTRY WILl PRO-

DUCE NG SIGNIFICANT CHANGE IN DISPLAYS.
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TABLE 66-I. OUTPUT TABLE FOR CHABRT

(S_EET I OF 3 )

TYPE I, 2, AND 3 ENTRIES

L(GUTPUT) _pp

+I _.
PP

+2 d

+3 s

+4 H

+5

+6

.1-7

+8

+9

+I0

+II

LATITUDE OF PRESENT POSITION IN

FLOATING RADIANS

LONGITUDE OF PRESENT POSITION IN

FLOATING PUINT RADIANS

DOWNRANGE DISTANCE IN FLOATING

POINT NAUTICAL MILES

CROSSRANGE DISTANCE IN FLOATING

POIN1 NAUTICAL MILES

HEIGHT OF SPACECRAFT ABOVE A

SPHERICAL EARTH IN FLOATING

POINT NAUTICAL MILES

H HEIGHT OF SPACECRAFT ABOVE AN

OBLATE EARTH IN FLOATING POINT

NAUTICAL MILES

T FLIGHT PATH ANGLE IN FLOATING

POINT RAI)IANS

i INCLINATION ANGLE IN FLOATING

POINT RADIANS

v VELOCITY MAGNITUDE IN FLOATING

POINT FEET PER SECOND

GMTRC/ GMT OF RETROFIRE EITHER COMPUTED

GMTRF OR FROM TELEMETRY IN FLOATING

POINT SECONDS

ESTRC/ ELAPSED TIME OF RETROFIRE IN

ESTRF FLOATING POINT SECONDS SINCE

LIFT-OFF

GTRS/ TIME REMAINING UNTIL RETROFIRE

EGT OR rIME SINCE RETROFIRE IN

SINCE RF FLOATING POINT SECONDS
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TABLE 66-i.

+12 GMTHc 1

+ 1 3 V350K

+14 "Y350K

+15 GMTBo I

+ 1 {5 GMTBo 2

+ 1 ? GMTHc 2

+18 GMTLC

÷ 19 _bip

+20
IP

+21 @ZL

+22
ZL

OUTPUT TABLE FOR CHABRT

{SHEET 2 OF 3)

GMT OF ARRIVAL AT HEIGHT DE-

FINING BEGINNING OF ATMOSPHERE

IN FLOATING POINT SECONDS

RELATIVE VELOCITY MAGNITUDE AT

350 THOUSAND VEET IN FLOATING

POINT FEET PER SECOND

RELATIVE FLIGHT PATH ANGLE AT

350 THOUSAND FEET IN FLOATING

POINT RADIANS

GMT OF ARRIVAL AT HEIGHT AT BE-

GINNING OF BLACKOUT PERIOD IN

FLOATING POINT SECONDS

GMT OF ARRIVAL AT HEIGHT AT END

OF BLACKOUT PERIOD IN FLOATING

POINT SECONDS

GMT OF ARRIVAL AT NOMINAL ABORT

IMPACT HEIGHT IN FLOATING POINT

SECONDS

GMT OF LANDING IN FLOATING POINT

SECONDS

LATITUDE OF IMPACT IN FLOATING

POINT RADIANS

LONGITUDE OF IMPACT IN FLOATING

POINT RADIANS

LATITUDE OF INPACT USING MINIMUM

LIFT CONFIGURATION IN FLOATING

POINT RADIANS

LONGITUDE GF IMPACT USING MINI-

MUM LIFT CONFIGURATION IN

FLOATING POINT RADIANS
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TABLE 66-I.

+23 (PML

+26 _IL

+25 R.A.

TYPE 4 ENTRY

L{CbTPUT)

+1

+2

+3

+6

+5

+6

OUTPUT [ABLE FOR CHABRT

(SHEET 3 OF 31

LATITIUDE OF IMPACT USING MAXI-

MUM LIFT C_FIGURATION I!q

FLOATING POINT RADIANS

LONGITUDE UF IMPACT USING MINI-

MUM LIFT CCNFIGURATION IN

FLOATING POINT RAOIANS

RECOVERY AREA IN SPECIAL OCTAL

CODE

TIME OF REIROFIRE GMT FLOATING

POINT SECGNDS

x-COMPONENT OF POSITION VECTOR

IN FLOATING POINT GEMIrql LENGTH

UNITS

Y-COMPONENI OF POSITION VECTt}R

IN FLOATING POINT GEMINI LENGTtl

UNITS

Z-COMPONENT OF POSITION VECTOR

IN FLOATING POINT GEMINI LENGTH

UNITS

x-COMPONENT OF VELOCITY VECTOR

IN FLOATING POINT GEMINI VELOCI-

TY UNITS

y-COMPONENT OF VELOCITY VECTOR

IN FLOATING POINT GEMINI VELUCI-

TY UNITS

z-COMPONENT OF VELOCITY VECTOR

IN FLOATING POINT GEMINI VELOCI-

TY UNITS
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X

o••o••I••t•••o•

• NET e_ _ •

:.............!

• *YES

IS THEWE AN • ..................... X.

ERROR °

• °

NO

• U:IVMAG
C_)rvll'U I'E: ••

• ! r350K J •

It•..••••••.•*--

C2EAFH

CCM TE TIME •
• AT _1 IBTO •

*......_,._.....•

CHNOT

•_s .1.............:
• IS TMERE AN • .............. It C INTO }Z,2

ERROR

• :.............:

• • _0

,: CZTAFHC_MPGTE TIME :0
AT 350K FT.

CHVGH

• •

° °

• .YES

IS IHErE Am * ..................... X.

E RR(Jr

o

NU

• U1ASCO Cf)MP. y •

• 1 BIN-[ -T
[rl [Vl

•H•,•HmHm•••

• I CHHCR (+11 Itj(j
• • ,,,°°,,••••o,,°

• • •,,°• YE_ •*

is, E...."......... ....
• . .. : ............. : ....

• CHHCR

• * • •YES •••

• IS TMERE AN • •_ O?_

ERROR • • *
••J

_c

CHrbO

i".....I'(_"/_;_: ....

r350K' • _( A *•
INTO 13. 2 _•''•6_°

Y35t)K' INTO 14, 2 • ••l•

• '°'•°••'''°"'' *•
• 1 C6PTLI •* ," *

• Et2MPUTE _, V °x CQ•

• AI t;+50 K F'T * • "



CHTBO

_*°o o" C2TAFH CORP. •

• A0 • TIME AT HBO I

••mmmm•*•.•m,.*
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• •

l* • *YES

• C0•X IS THERE 0"4 • .......................

• • • ERROR •

NO

• " •YES

• IS THERE AN • .......................

• ERROR

_o

: *_O12'NTO:zs- : 0 INTO1,2 :
• ••H*H••OH.• .**H•H•*i•H•

X ................................

X

ImHI•eH•HH*

• C2TAFH COMP

TIME AT HBO 2 w•

•*•*•••••••m*•.•

A3GSCP •
.m COMPUTE

• QIP' kip

CHHCC
*•••n****.•.••

• • myE 5 mm • 0 INTO 19.2 •

• IS THERE A_ • • ........ :02:•oX: " INTO 20.2 :

• ERROR • • • H INTO 25,2 •

NO

••m••••m*••••*•

: *uP INTO -

19, 2 ;tip •

• INTO 20, Z •
J.=_omlemeteteu

• •YES

• IS THERE AN * .......................

• ERROR

;,o

• -NU

• klp GT :_/2 • ..................... x.
*

• •

YES

tBo 2 INTO _ " 0 INTO 16,2

16,2

HH••HgH,•••

m ° C2TAFH COMP em

• TIRE AT HC 2

"••••,•••••nHt, •

.....;! "" :
k_p

.× ................................

x

: c INT,,_ :

• • •YES

• .

IS THERE AN • .......................

ERROR

•ml•••••••.•.•*

:t.c 2 •TO 17,2:

_tHC 2 + K F =

• GMTLC INTO

18, 2

CEPTLI CCMP *.; COX

• • _t _ AT hC 2 •• •m••

CHHCA

• *,. . • kip GT •NO .m*,
+ • * Ace

• CT*X ki ki+l *_b_•

"• 2 * *°••

_ES

CHHCC •

_C INIU L7.2 O•o.•X 02• • • i = 5 *

• INTO 18,2 • • * *

_ES

• .............. x• i+i l_IO i •...x L,T.

,.*.*,••.n.,**

,{
6 INII)i **..x Av •

• *b5'_•

....... o ..... * ....



VOL |ll REAL TIRE PROCESSORS PART | - LAUNCH/4BORT

•.. : ............. :

:R0e..X: RA i INTO !
25,2

.. ."_*';';'_;".• •. V,; AT •
• C0*X URRENT TIRE •
• • • _c USING •

e• • REENTRY •

**** : ..... , ....... : ....
.oo...x¼t,-to iNtO ,c:...;A_.-.-"

l• • • et••

CHCIP

• CORKNI CORP •

• LIFT

eleellmeee•eeee•

• TABLE AND •
• STEP SIZE •

it!i!t!!illt!!il i

• • CHHCD

• " • •YES :,.*.*.**,e*.*:

• • 0 NTO @ M N•
• IS THERE AN " .............. X: LIar, * IN_O*

• ERROR • • _ X MAX LIFT *
• • ;.lleeeeoeooo•:

• • _0

A

: _ "IN LEFT :
• INTO 21rE _ •
eRiN LIFT INIOe

: ..... _:_ .... :

•. _o " • _o
:

EHPVC
i•• • ••o•••eeeo•

• •• • CPRVCR •
• • • COMPUTE ALL •
• C3 • PRESENT •

VE TOR
_ee" "• QUANTITIES •e

*ee•eeooe,o,eee

• • CHHCE • • CHNNT

• • •YES •oee e• • eYES ••'•

IS THERE &N eX 06 • •02eX IS THERE AN •X6C.eee3$ERROR • •b0_• • • • ERROR

• •••HeIHe'•ee• e

• CORRNI CCMP •
• Ct _ USING •

MAX LIFT

I.•eeQeeee=lme•••

• • CHHCO

• " " eYES _ .... *,e•,•.*,:

• O NTO _ R Ne
IS THERE AN • • .............. X_ Ll_Te r INt0*

ERROR X MAX LIFT •

• , .. : .............
• • _C

•

H•iHe•••HH*

: .AX LIFT :
• _NTO 23,2_ •
• MAX LIFT INTO•

: ..... _::_ .... :

CHRVR+I

e_pp INTO O. 2 •

_.pp INTO 1.2 •

• d INTO 2, 2

• KNTO 3, 2

• I_'-R I INTO 4, 2 •

:%. roT• 5,2 :

el I_TO 7. 2

K, v INTO 8, 2

• * " .,_s : ............. :
• • IS H LI HC 2 • • .............. X:l INTO MCAFIN:

• . : :
• • ••ee••••I••Hi•

• . _o

_X ...............................

CHNRF • • CHNNT CHFIN

... :_'Z_;;_"_-:
-_A7" Wee (T/M "R_TRO) :
. •"" • I_'DO XR1

• •, • L (T/M RETRO):

• INTO STORAGE •

• • • • CHNRF

• -NO e••

• 0,z _ o * .; ST:

• •

• _E$

• * * ,NO *-*. .*, :....***''*'*'Be
O

TO 0 • •;6 ee :CTe•.X: tA INTO 9o2:

• e • • • " •••• ••• eeoeeeeo•ee.•••:

• • _ES

• _ v AT •
• C_RAENT TIRE •

• _c USING •

". .... _JW_..... "

• • CHAEX

• *yes :•*°'**•*••**•_ •e*.

e

.................• .ee°INToINT0T4=C

• . .- : ............. : ....
• _o

t • • • CHHCE

• •NO ••,,
• • •

• 3 =0 -_ 0_ •
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• • ere•

• . ;E$ ,;:

TABLE AN• •'; OZ:
STEP SIZE

60¢

X
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CHNNT

... : ............. :
• • eLIINPUT) |NTUe

wCO ..xe [NPUT. ORSl|l
• • • WGT INI[T RGI*
*** * C INT0 LFIS_*

H**HH*HHH

_*** • * OOES T/N *NC

• AL • RETRO F|RE = * .......................

• • _ES

• * • INU

• • t4-t c LT _ * ..................... X.

0

• YES
°

i............. i :.............:
• O |NT0 ||12 • ! I IN_0t -t_lo2 I_•

.............. : : ............. :

_X ............................... "

CHAEX X
iJittlllJlllllo

• ** • **

•*A4"..x* RESTOREXR'S-
:..- : 1,2,3,, :

HH.eH**H*H

:-'-_-;_;_--:

i ....... !SIEPS. L5
I_TO _AX.

• STEP biLE •
Illllllllllllll

* CAB_AT INIE(, *

, INPUT t , T • _ •

, TU CURRENt •
• TIME t c . •

*H*H.H.*HH

CHREW

• IS THERt: AN • .............. X_ REENTAY t_GT !
ERROR • [NTO wGl

_0

CHPVC CH/_CE CHFIN

: ............. : ....... ; ............. : ....

REENtrY INT0 Z,_ U_ •*

• _EIGFIT • •_o4• • • •]NT0 2,Z TI4R0o ob__o
• ••H H• • Bt2 • °•H

• H••••HHH•• •*•*.••*,H•H*

: ExIT :
• RETURN 5t4 •
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CHTP2 • • • •

• A3 • e 4 =0

"_ES

*t_G

. .......................

• E P LI CC_R

_.V, ATE _.
FROP 0RBIT4

• TABLE
*••HH,,••HH

k
CHNT2

*.••=HQ•H*.••
• • eYES • _ INTO •

• • * LIFISW. 360 •

iS THERE AN • .............. X. INT0 •
ERROR .MAX.NO.STEPS.*

• 15 INTO MAX.*

CHTP4 • •

• CO • e 4 =

;ES

••**•**m•m••*•**•

_bP_LI CriMP *

• . .... _;_ .....

GHNT4

g
IS THERE AN *X Ow•

ERROR • - •

[HN[6

• * • • LIFISW. 3o_ •

• ........ •D_•••X* INTO •
• * •MAX.,_O•STEPS•.

m• • L5 INTO MAX.m

_ES

• STEPSIZE• *
-L(INPOTI INI_ •
• INPUT. URBIr*

• WEIGHT INIU •

• STEP SIZE. • •••e :_STOKE t4 t "
*LIIAPUT) INTO• *E3e..X• r4t v INlll •

• • - 3,2 _HRU b,2•
INPbT. ORBIT,wT INTO wT *

GHAEX

CABOAT * *
[NI[ORATE :0 INTO NCNRV4_•••X A4 •

• ]NPbl * t _* • • •605.

•....L_._.....• : .....

•m•*••,•*,•,•••,,

EABOAI
• • INTEGRATE •

• INPUI t _,_ •

"....:L.9.; ...."

• • *YES

IS THERE AN • ........

ERROR

NO

REENTRY * • • •WEIGHT INTO ••••X L3•
WEIGHT • • * •

_••o°H.*°*••._ •°*

CHALE

• • •YES ••* : ...... * ...... :

• IS TH£RE AN " • ........ :ES•..X: WEIGHTREENT_TO :

ERROR * • • WEIGHT •

_o

i R+..... iWEIGHT INTO

WEIGHT

:.............:

.x ................................

• $P_CE TIP •
*INCICATEC NO.-

• RETROS ANO •
• RETROFIRING •

GHALR

•.. :.............:

:cd..x: SET_3 N,,= :
L•" :

I**•••••n••.•:

• 0 INTO MLE_AB•
• INIU 12,2 *
• _HRU 19+2 _ •

••w••*°°•*•••••

REENIRY :

• WEIGHT INIU

WEIGHT•

CHAEX

••L INTO • • °MENRV.(-o...X A_ •

_MES INN_N-N_MIN=L
• TABLE •

CHRVR+|

• AND 23*2 _ • • •

• INTO ¢_%k, m...X AT •
• 22,2 AND _N =m •6G_•
• H INIO 25,} • •.•o

°•••°••*.••*••°

•••°*••••••••••
• STORE Rt]LL • _•••••••••••••_ ••••

• PITCH ANti YAW. ° STf]RF * • •
• ANGLLS IN • ................. x• Nt}N-NUMINAL •...x D_ •
• NtN-NOMINAL • REIROFIRE • •60_•

• T_HLE • • .•••
• •..,,•n••,,•• ,,•.•,HO•.H••
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67. C2TAFH - COMPUTATION OF TIME AS A FUNCTIOI_ OF HEIGHT

THIS PRGGRAW COMPUTES THE TIME ASSOCIATED WIIH A

GIVEN HEIGHT AS A FUNCTION OF THAT tIEIGHT. (SEE FLOW-

CHART).

INPUT

A) TABLES -

LIINPtJT HEIGHT

TABLE)

LICUTPUT)

L (Hd)

L(h )

THE ADDRESS OF THE HIEGHT TABLE

ARRANGED AS FOLLOWS -

Tstar t, THE TIME ASSOCIATED WITH

THE FIRST _EIGHT ENTRY IN THE

TABLE. Tstop, THE TIME ASSOCI-

ATED WITH THE LAST HEIGHT ENTRY

IN THE TABLE, H 1, H 2, H 3, ETC.,

THE HEIGHT fNTRIES IN THE TABLE.

ALL TIMES ARE IN GMT FLOATING

POINT SECONDS. ALL HEIGHTS ARE

IN FLAOTING POINT GEMINI LENGTH

UNITS.

THE ADDRESS OF THE ONE CELL

OUTPUT TA8LE

THE ADDRESS OF A ONE-CELL IABLE

CONTAINING THE GIVEN HEIGHT FOR

WHICH THE lIME IS DESIRED IN

FLOATING POINT GEMINI LENGTH

UNITS

THE ADDRESS OF A ONE-LOCATION

TABLE CONTAINING THE TIME INTER-

VAL BETWEEN ENTRIES IN THE

HEIGHT TABLE IN FLOATING POINT
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B} CONSTANTS -

KOGOOC

KCH233

SECUNDS

DEC 0 FIXED POINT ZERU

OCT 233G( CO,COO00

CHARACTERISTIC OF

233 OCTAL

OUTPUT

A) TABLE -

L(OUTPUT) THE ADDRESS OF A ONE-LOCATION

TABLE CONTAINING THE OUTPUT TIME

ASSOCIATED WITH THE DESIRED

HEIGHT IN FLOATING POINT GMT

SECONDS

METHOD

AFTER INITIALIZING FUR THIS PASS, CZTAFH COMPUIFS N,

THE NUMBER DF ENTRIES IN THE HI[GHT TABLE, AS FOLLOWS -

N = ((tstop -tstart}/h ) + 1

IF ONLY ONE HEIGHT APPEARS IN THE TABLE (I.E., Tstar t :

Tstop ), C2TAFH RETURNS TO THE CONTROL PROGRAM VIA THE

ERROR EXIT.

THE HEIGHTS IN THE TABLE ARE EXPECTED TO BE IN DES-

CENOING ORDER, HOWEVER, C2TAFI4 SEARCHES THE TABLE TO DE-

TERMINE WHETHER THIS CONDITION HAS BEEN SATISFIED. IF

C2TAFH FINDS THAT THE HEIGHTS ARE NOT IN DESCENDING OR-

DER, CDNTROL IS RETURNED TO IHE MAIN PROGRAM VIA THE

ERROR EXIT.

ONCE HEIGHTS SATISFYING THE ABOVE CRITERION ARE

FOUND, C2TAFH COMPARES THE GIVEN HEIGHT TO SUCCEEDING
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HEIGHTS In THE TABLE IN AN EFFORT TO FIND TWO CONSECU-

TIVE HEIGHTS SUCH THAT

Hi Z H d Z Hi+ 1

IF NO SUCH HEIGHTS ARE FOUND, C2TAFH RETURNS TO THE

CALLING PROGRAM VIA THE ERROR EXIT. OTHERWISE, THE TIME

ASSOCIATEC WITH F d, THE GIVEN HEIGHT, IS COMPUTED. IT

MAY HAVE ONE OF THE FOLLOWI_G VALUES -

a) t d = tH., [fH d = H i
1

b) td = tHi+l' if H d = Hi+ 1

c) t d = tstop + h((H d - Hi+ l) /(Hi+ 1-H i )),ifH i> H d > Hi+ 1

THE DESIRED TIME IS THEN STORE& IN THE GIVEN OUTPUT

TABLE AND C2TAFH GIVES CONTROL TO THE MAIN PROGRAM VIA

THE NORMAL RETURN.

USAGE

A) CALLING SEQUENCE-

TSX C2TAFH,4

PZE L(INPUT HEIGHT TABLE),_L(QUTPUT)

PZE L (Hd), , L(h)

ERRUR RETURJ_

NORMAL RETURN

B) ERROR CONDITIONS - AN ERROR RETURN FROM C2TAFH

IMPLIES ONE OF THE FOLLOWING-

I) ONLY ENE HEIGHT APPEARED IN THE HEIGHT TABLE

2) THE HEIGHTS IN THE GIVEN [ABLE HERE NOT IN

DESCENDING ORDER.

3) THE GIVEN HEIGHT DID NOT FALL BETWEEN TWO

CENSECUTIVE DESCENDING HEIGHTS IN THE TABLE.
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C)

D)

STCRAGE REQUIRED -

79 LOCATIONS

TI_ING (?og4) -

.I12 ÷ N(.012) MILLISECONDS, MINIMUM

.333 + {N-K)(.OIO) + J {.O12) MILLISECSNDS,

MAXIMUM

WHERE N : NUMBER OF ENTRIES IN THE

HEIGHI TABLE

K = NUMBER OF ENTRIES IN THE

HEIGHT TABLE ALREADY EXAMINED

J = NUMBER {IF ENTRIES IN THE

HEIGHT TABLE WHICH 00 NOT

SATISFY H i_ H d2 Hi+ 1
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e**ee*e***e**e*

: ENTER :
• C2TAFH e

eeeeieemeIeeeee

_*eee•e•.ee*•e_

: SAVE XR'S :
1,Z.3,4 •

:eeeeeemieeeeem

eelee•eeeemeete

: z,s CORPC.:
• LIINPUT÷2 *
• INTO XRI •
• INTERVAL •
mttIe•eiImoeeoe

_*•••e•ee•eeee_

• BETWEEN •
• HEIGHTS IN •
• TARL INTO *

C2TCH • • e ! • • * •

• • • e • •NO * • * •YES * • e • •YES *u_ e

_BOiX _ |S H d GT H i ; .............. * IS HdH Lr [0 .............. • IS H d _T H| ; •i EL:

• e • • • .*,

;ES

.. : ............. :

:Blee'*Xee XRI;RII INTO i

•. : ............. :

C2TCT

* • •

" _o " •_o

e

:ee .... ..**e*•: • • " eYES •*•

: xR31A_I"° i ............ " is._ ;iTO " -i _:
H i

_•°••.°°.•••e•_ • ° •o.°e

NO

• • C2IEM

• • * -YES _.*,....... •-*_ ,e*

e ISX.3GT2 " •..............X: XR3_3INTO:..-_B_:
• _eee•eeee••i*e•

_o

• • C2TER

• . : ............. : ...
• tat• p eYES e*•* RESTORE XR4

• " - t t_r t = 0 " . ........ :B4:..X i XR4_4INT0 :...;. 06:

• • e* _••*e.eH*_H••

*ee•*•*••*•****
*COMPUTE SAVE e

* H d - Hi+l

INTO P

_eeeeeeeeee**•_

eCOMPUTE N= NO•
• HEIGHTS IN •
• TABLE - •

• •
ee•••meeeeeeee*

*••*e•m *•••ee*• **•••••••••H••
• e * • • e

_C3_X* C2TIM COMPUTE : • C2TIM COMPUTE •TIME OF Hi • TIRE OF H I
• * • "1 "*

*• • OR H i + i • • e

eeee•*•••e*ee**

• t i OR t I + 1 •

:= t d INTO 0,2 :

ee•e••eeeeee••e

_••••*eee*•**•_

• _ INTO 0,2 *

............... X:

C2TEX

• RESTORE XR_

e

• hn *
e

•e••e•eoeeeQee•

_eee••e•eeee••_ •e _eeee•••••*e*•_

: N INTO XR3 : :BT:•.Xe XR|-E INTO :
• * * * XRI •

_**•e••ee*•ee*_ t* _eeH•H••e•*e*

.. : ............. :
:OE:**X: RESTORE XR*S:

• * * h 2, 3 e

• • :e•e•**me•e***!

! EXIT :
TO 4*4 *

.••eo•t••J••.••

• • • • CZTER

e • •
• •NO e** . • *NO e•*

• *** * * * * * * ,_ o4_
•cAB*Re • IS H i ÷_T H i * eX• fiT•• • IS XR3 GT 2 * • *

• e • • * e•e • • • *•.

" ;ES * ;ES

C2TCH

• eeleee•e•ee•ei _ltlolllllttil_ lwt
• •**

2iS CORPL* •C,OOTPUTI:...; B0: : XR3;_NTO :..._ AE:
INT0 XR2 • • • _ •ee

_eleeee•••et•• _ lee _•••eg••t••et• e
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68. CABCAT - LAUNCH ABORT PHASE PROGRAM FOR UPDATING

A GIVEN

GIVEN A t, r",T DEFINING THE ORBIT OF A SPACECRAFT

AND THE DESIRED TIME FOR AN EXTRAPOLATED t,T, V THIS PRO-

GRAM COMPUTES THE_AND_AT THE DESIRED TIME BY USE OF

NUMERICAL INTEGRATICN. CABDAT IS USED BY THE SUFFIX

MFCCM_ CF THE MAIN LAUNCH CALCULATICN PROGRAM, CCMAIN,

BY THE MONITOR, CONTROL PROGRAM MABCRT FOR THE LOW ABORT

PROCESSCR CLABRIt AND BY THE HIGH ABORT PROCESSOR CHABRT.

ISEE FLCWCHART).

INPUT

A) SUBROUTINE REQUIRED -

CORKNI - LAUNCH NUMERICAL INTEGRATICN PROGRAM

B) PARAMETERS -

TCWF.R - SPACECRAFT REENTRY WEIGHT IN FLOATING

POINT POUNDS

TCBAM2 - ABORT MODE 2 PROGRAMMED LIFT BANK ANGLE

FLOATING POINT RADIANS

C) CONSTANTS -

KMO000 MINUS ZERO

KO0000 ZERO

KOGCOI FIXED POINT ONE

KOOG02 FIXED POINT TWO

KO00.5 FLOATING POINT ONE iIALF

KCH233 MASK FOR FLOATING POINT CHARACTERISTIC

233C00000000

0) THE INPUT t, _, T IS IN FLOATING POINT IN A SEVEN-

LOCATION TABLE HAVING THE FORMAT -

L{INPUT VECTORS) t IIME IN GMT SECONDS
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E)

F)

G)

H}

*I x

+2 y

+3 z

w

r POSITION VECTOR IN

GEMINI LENGTH UNITS

m

V VELOCITY VECTOR IN

GEMINI VELOCITY UNITS

L{TIME OF DESIRED OUTPUT) - THE CONTENTS OF THIS

LOCATION IS IN FLOATING POINT GMT SECONDS

L(LIFT SWITCH SETTING - LIFT SWITCH SETTING

CONTAINS -

I) 0 FOR ZERO

2) I FOR PROGRAMMED LIFT

3) 2 FOR MAXIMUM LIFT
FIXED POINT B35

L(MAX.NO. STEPS- THE CONTENTS OF THIS LOCATION

IS IN FIXED POINT, B35

L(MAX.STEP SIZE} - THE CONTENTS OF THIS LOCATION

IS IN FLCATING POINT SECONDS

OUTPUT

THE OUTPUT IS IN FLOATING POINT IN A SEVEN-LOCATION

TABLE IN THE FOLLOWING FORMAT -

L(UPOATED VECTORSJ t TIME IN GMT SECONDS

+I il --
+2 r POSITION VECTOR IN GEMINI

+3 LENGTH UNITS

÷4 il m
÷5 v VELOCITY VECTOR IN GEMINI

+6 VELOCITY UNITS
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METHOD

CABDAT SUBTRACTS THE TIME OF THE GIVEN INPUT VECTORS

FROM THE TIME AT WHICH THE UPDATED VECTORS ARE DESIRED,

THEREBY CALCULATING THE TIME INCREMENT OVER WHICH NUME-

RICAL INTEGRATION IS TO BE DONE. IF THE TIME INCREMENT

IS LESS THAN OR EQUAL TO THE MAXIMUM ALLOWABLE STEP SIZE,

THE INTEGRATION IS ACCOMPLISHED IN A SINGLE STEP. IF THE

TIME INTERVAL IS GREATER THAN THE MAXIMUM ALLOWABLE STEP

SIZE, A SERIES OF ITERATIONS ARE PERFORMED, HALFING THE

STEP SIZE AND DOUBLING THE NUMBER OF STEPS TO BE TAKEN

UNTIL T_E STEP SIZE IS LESS THAN OR EQUAL TO THE MAXIMUM

ALLOWED AND WITH THE NUMBER OF STEPS BEING LESS THAN OR

EQUAL TO THE MAXIMUM NUMBER OF STEPS SPECIFIED. IF IT IS

NCT POSSIBLE TO USE A SUFFICIENTLY SMALL STEP SIZE, THE

TIME INTERVAL FOR INIEGRATION IS DIVIDED BY THE MAXIMUM

NUMBER OF STEPS TO BE TAKEN TO OBTAIN A STEP SIZE. NO

THRUST IS APPLIED, AND ZERO LIFT, PROGRAMMED LIFT OR

MAXIMUM LIFT IS USED ACCORDING TO THE LIFT SWITCH

SETTING. IN THE EVENT OF AN ERROR RETURN FROM INTEGRA-

TION, THE INPUT VECTORS ARE NOT UPDATED.

USAGE

A!

B)

CALLING SEQUENCE -

TSX CABDAT,4

PZE L(INPUT t, _, _),,L(OUTPUT t,_,_,)

PZE LITIME OF DESIRED OUTPUT),,

LILIFT SWITCH SETTING)

PZE L{MAC.NO.STEPS)t,L|MAX.STEP SIZE)

ERROR RETURN

NORMAL RETURN

STORAGE REQUIRED -

62 LOCATIONS EXLUDING CORKNI
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C) TINING-

I) .I044 MILLISECONDS EXCLUDING CORKNI (_INIMUM)

2) .I044 + .0512N MILLISECCNDS EXCLUDING C_RKNI

WHERE N IS THE NUMBER OF ITERAIIONS PREFORMED

(AVERAGE)
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m..i.,m..mm,m,.

: e.FE_ :
• FROM G,4 •

*HHiiHHHm,

CABOAT

: l_'_zl :
lAND 6LI INPUT,
•I.r,v_ ANO.
HOI,.OO,HH*,

:

i k OUTPUT t,
_,TO i

[DRKNI
LALLJNG SEQ.o

: L,LIFT SW.:SETTING) TO

• CAHL 2'S COMPe

• LIMAX DESIRED,
_IHe*HH,.*I*

!,,PSI,E,.!
C TC XRI

: ............. :

t d ,t i INTO h •"

1 INTO n

,IHI,mtt_,O•H

CABL

• LIFT SWITCH •
SETTING INTO*

AC •

• .yES : ............. :
• IS CIAC)

GREATER THAN • .............. X: O INTU AC • ...........

• • eeeee•eIeIDItl _

NO

• irES : .............

O

Q

A

• IS CIAC) • .............. X; ECBAN2 INE(I ;

EQUAL TO I • AC

• .. : ............. :
NU

MJNUSA_ INTO: ................. X: flANKCIAC)ANGLEINE() *:''';•6_1.A0 •

:.............: :.............: ....



• • • • CABCH

_••• • • ,YES

IAO • IS H GREATER • ............ X
• • • THAN C •

_o
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• CABR0 CAHCA
• • • ••••••.•..,,,.,

I•S _N LT •N0 • ° ••°

MiX. NO. • .............. X•STFPS INIO N.•...X A2o

• • SEEPS • _(ti-td)/N INTO h: ,,,

• • •H..•.•.....••

_es

• ZN INTON, :..._R_:
• h/2 INTO h •

: ............. : .*•

CABCA

ale• • 2I I_TEGRATE

eA2lX N STEPS •
• • • FOWARD USING •

II llmollltlllllll I

e• AS STEP SIZE "•

• NO THRUST •

CASER

• . _........ , ....
0

D_ES
QeQ

• • • RESTORE XR6 • • •
IS T_ERE AN • .............. XIC(XR_I+I INTOI...X A6t

ERROR XR4
OIQ

• ; ....... , ..... ;

_o

CABXR

: RESTORE XR4 :

.. :.............:
:A6:..x:RESTOREXR_:

: ExIT :
• TC 5,4 •

IIIIIIltllllill
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VOL III REAL TIME PROCESSORS PART IT - ORBIT/REENTRY

I. BASIC COMPUTING CYCLE DURING ORBIT/REENTRY

ORBIT PHASE

DURING ORBIT AND REENTRY PHASES THE GODDARD REAL-

TIME SYSTEM DRIVES DISPLAYS AT MISSION CONTROL CENTER,

SENDS COT DIGITAL COMMAND SYSTEM UPDATES, PROVIDES AC-

QUISITION DATA TC APPROPRIATE REMOTE SITE RADARS, AND

BROADCASTS PCM SUMMARIES TO THE NETWORK.

I_ ORDER TC PERFORM THESE FUNCTIONS [EXCEPT FOR

PCM), THE ORBIT PHASE MUST HAVE A POSITION AND VELOCITY

VECTOR AT SOME TIME, PREFERABLY NEAR CURRENT GMT. BY

LSING THE CCWEL CR RUNGE-KUTTA METHOD OF NUMERICALLY

IKTEGRATING THE THREE NEWTDNIAN EUQATIONS OF MOTION,

BOTH BACKhARD AND FORWARD FROM THIS INITIAL VECTOR, THE

ABOVE REQUIREMENTS ARE MET. FOR PCM PERCENT FULL-SCALE

VALUES CF ASTRONAUT AND CABIN CONDITIONS ARE INPUT INTO

THE SYSTEM VIA TTY FROM UNIVAC 1218 COMPUTERS AT REMOTE

SITES. THE GMTS CONVERTS THESE VALUES TO ENGINEERING

_UANTITIES AND BROADCASTS THEM BACK TO THE WORLD.

CLRING ORBIT PHASE THE POSITION AND VELOCITY VECTOR

COMES FROM ONE OF TWELVE DIFFERENT SOURCES, EACH OF WHICH

CAN TRIGGER THE BASIC COMPUTING CYCLE BY QUEUING MYOURI

[THE MONITOR ORBIT UPDATE ROUTINE) WHICH INITIATES THE

CYCLE. THESE SCURCES ARE LISTED BELOW ALONG WITH THE

PROGRAM _UEUING MYCURI -

A) LAUNCH [MFCCMN) -

IF THE _CRTIORBIT DECISION IS POSITIVE, THE

LAUNCH PROGRAMS COMPUTE THE AVERAGE VECTOR OVER lO

SECCNCS OF FREE FLIGHT AND QUEUE MYOUR! WITH THIS

VECTOR.
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B) DIFFERENTIAL CORRECTION (MFDIFC) -

A COMPLETE RADAR MESSAGE WILL INITIATE A SERIES

OF EVENTS WHICH CAN BE CONSIDERED THE HEART OF ORBIT

CEMPUTATIONS. THE LOW-SPEED INPUT PROCESSOR,

IOTTINt PLACES THE DATA IN AN ASSIGNED MESSAGE BLOCK

AFTER CONVERTING THE INPUT DATA INTO THE FORMAT RE-

QUIRED FOR PROCESSING. WHEN AN END-OF-TRANSMISSION

IS DETECTED, AN INDICATION IS GIVEN TO THE MONITOR

SUFFIX OF 10TTINt MFTTIN. EACH RADAR AT A REPORTING

STATION IS TREATED AS A SEPARATE SITE.

MFTTIN PASSES CONTROL TO THE EDIT PROGRAM, EOLEDI,

WHICH SUBJECTS THE DATA TO A TIME SEQUENCE CHECK AND

CERTAIN SMDETHNESS TESTS TO ELIMINATE, WHEN NECES-

SARY, OBSERVATIONS IN ERROR. THE REMAINING RADAR

POINTS ARE THEN CORRECTED FOR REFRACTION AND LOCAL

CONDITIONS. ALSO, THE TIME OF THE SPACECRAFTS'

CLOSEST APPROACH TO THE RADAR STATION IS DETERMINED.

THE DIFFERENTIAL CORRECTION PROGRAM, DODIFC, USES

THE NEW RADAR DATA TO CORRECT THE PREVIOUSLY DETER-

MINED ORBIT AND PRODUCES A CORRECTED RANGE AND VELO-

CITY VECTOR AT AN ASSOCIATED TIME - THESE ARE THE

BASIC VALUES FOR THE NEW ORBIT PREDICTION.

DOCIFC MAY, HOWEVER, REJECT THE CORRECTION BECAUSE

THE DATA APPEARS ERRONEOUS OR BECAUSE THE CORRECTION

WOULD EE NEGLIGIBLE. IF A CORRECTION IS ACCEPTABLE,

DODIFC MAY REQUEST ANOTHER CORRECTION BE ATTEMPTED

WITH THE SAME DATA TO FURTHER REFINE THE VECTORS.

AFTER IT IS REFINED TO WITHIN SOME ACCEPTANCE/

REJECTION CRITERION, THE BASIC CYCLE IS QUEUED WITH

THE FINAL ORBIT.
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C) RESTART (MFCCMN) -

EACH TIME NEW ORBIT PARAMETERS ARE COMPUTED, THE

PARAMETERSy INCLUDING THE INTEGRATION PARAMETERSy

ARE WRITTEN ON MAGNETIC TAPE TO MAINTAIN A HISTORY

OF CRITICAL CHANGES SO AS TO PERMIT THE RESTORATION

OF A PREVIOUS MISSION CONDITION AT ANY TIME. WITH

THIS METHODy THE COMPUTER IS CLEAREDy THE GEMINI

PROGRAMMING SYSTEM IS RELOADED, AND THE REQUESTED

DATA IS READ FROM TAPE BY MYSRST. AFTER THE DATA

HAS BEEN READy MFCCMN IS ENTERED TO PREPARE THE

GEMINI PROGRAMMING SYSTEM FOR ORBIT PROCESSING AND

MYOUR1 IS THEN GIVEN CONTROL.

D) MANUAL INSERTION VECTOR |MFMNO5) -

UNDER MANUAL CONTROLy THE POSITION AND VELOCITY

VECTORS AND THEIR ASSOCIATED TIME ARE PUNCHED ON

PAPER TAPE AND READ INTO CORE STORAGE OVER SUB-

CHANNEL 30 OF THE DATA COMMUNICATION CHANNEL. EACH

TIME A NEW ORBIT IS CALCULATEDy ANCHOR POINT VECTORS

ARE TO BE PRINTED ON-LINE. THEREFORE, THE GEMINI

PROGRAMMING SYSTEM MAY REVERT TO A PREVIOUS ORBIT

UNDER MANUAL INTERVENTION WITHOUT USING THE RESTART

PROCEDURE.

E) NOMINAL ELEMENTS (MYNORB) -

A TABLE OF NOMINAL ORBITAL ELEMENTS AT INSERTION

IS ORIGINED IN THE COMPUTER AND IF NO GOOD VECTOR IS

AVAILABLE FROM THE LAUNCH PROGRAM, THESE ELEMENTS

CAN BE CONVERTED TO AN INITIAL ORBIT DEFINING VEC-

TORy UNDER PCC CONTROL.
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FI BACK-UP DIFFERENTIAL CORRECTION (MYKEYS) -

UNDER PCC CONTROLe ANY BLOCK OF RADAR DATA MAY

BE BROUGHT INTO CORE AND CURVE-FtTTET TO PRODUCE A

POSITION AND VELOCITY VECTOR, WHICH MAY THEN BE

QUEUED TO BEGIN THE BASIC CYCLE.

G) WEIGHT CHANGE |MFMN03) -

IF THE S/C ORBIT AND/OR REENTRY WEIGHT CHANGE

DURING A MISSION, ALL ORBITAL COMPUTATIONS MUST BE

RECALCULATEC TO REFLECT THE NEW WEIGHT.

H) DENSITY FACTOR CHANGE (MFMNI2) -

IF AN 0FF-LINE PROGRAM SHOWS THAT OUR ATMOSPHERE

MODEL FOR TFE GIVEN S/C SURFACE AREA IS NOT ACCURATE

FOR THE GIVEN DAY OF THE MISSION (IT CHANGES AS A

FUNCTICN OF SEASON, ETC.), THEN A NEW DENSITY MUL-

TIPLYIkG FACTOR MAY BE MANUALLY INSERTED, AND ALL

ORBITAL COMPUTATIONS THUS UPDATED.

I) AUTOMATIC CATCH-UP (MYMINS) -

IF THERE IS NO RADAR DATA TO UPDATE THE ORBIT

(E.G., DURING THE NIGHTTIME IN THE U.S., THE S/C IS

GENERALLY OFF THE RANGE OF THE MANNED FLIGHT NET-

WORK), THEN PERIODICALLY EVERY 30 MINUTESe THE

VECTOR AT PRESENT TIME IS QUEUED TO MYOURI. THIS

INSURES SUFFICIENT ORBIT TABLE AHEAD OF CURRENT GMT

FOR ACCUISITICN AND OUTPUT CALCULATIONS.

J) MANEUVER MANUAL INSERTION (MYTABU) -

WHENEVER A PLANNED S/C MANEUVER IS ANTICIPATED,

THE GMT OF THE BURN, DURATION, S/C PITCH AND YAW

ATIITUCES MAY BE MANUALLY INSERTED INTO THE COMPUTER
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AND SUBSEQUENT ORBIT CALCULATIONS MUST BE UPDATED TO

TAKE THIS MANEUVER INTO ACCOUNT.

K) GOING THROUGH A MANEUVER (MYTABU) -

WHENEVER THE SIC COMPLETES A MANUAL MANEUVER

(I.E.t_ GMT_GMTPC LGMT OF PROPULSION COMPLE-

TION| ), THE ORBIT IS UPDATED TO RELFECT THE NEW

S/C CRBIT.

LI CONFIRMATION OF THRUST (MYCOTO) -

IF THE MANEUVER WAS NON-NOMINAL, THE ACTUAL S/C

BURN PARAMETERS CAN BE INSERTED, AT WHICH TIME THE

PRE-BURN ORBIT WILL BE TAKEN, ACTUAL MANEUVER CON-

DITICNS APPLIED, AND THE NEW ORBIT RESULTING WILL

BE QUEUED TC MYOURI.

NCW, ONCE MYOURI HAS A VECTOR, IT FIRST WILL TRANS-

FER TO ITS SUBROUTINE GVMNRF, WHICH WILL INTEGRATE AHEAD

THROUGH ALL THE PLANNED MANEUVERS FOR THE NEXT 22 ORBITS,

STORING CNLY THCSE VECTORS AT THE FIRST EVEN MINUTE AFTER

BURN-OUT CF EACH OF THE MANEUVERS. THESE MANEUVER-RE-

FLECTING VECTORS CAN THEN BE USED FOR ALL COMPUTATIONS,

THAT MUST TAKE INT_ ACCOUNT PLANNED BURNS.

NEXT, MYOUR1, WILL GENERATE THE ORBIT TABLE TO BE

USED FOR DRIVING PRESENT POSTION DISPLAYS AND FOR CAL-

CULATING AC_UISITICN DATA. THIS TABLE, TNDDAC, IS REALLY

A SET CF INTEGRATION TABLES COVERING THE PERIOD 5 MIN-

UTES BACK AND 90 MINUTES AHEAD OF CURRENT GMT, EACH SUC-

CESSIVE CVERLAPPING TABLE CONTAINING EITHER FREE-FLIGHT

CR EURN VECTORS AT ONE MINUTE OR 8 SECOND INTERVALS,

RESPECTIVELY.

NEXT, IF CURRENT TIME IS WITHIN 50 MINUTES OF THE
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RETRO-FIRE SETTING, THEN MYREN2, THE REENTRY PROCESSOR,

IS CUEUED TO GENERATE GUIDANCE PARAMETERS, GMTRB [GMT TO

REVERSE BANK ANGLE) AND BANK ANGLE, USING RSRARF AS A

SUBROUTINE AND TC GENERATE A REENTRY PREDICTION TABLE

BASED CN THESE PARAMETERS FOR ACQUISITION PURPOSES. THEN

MYAPE3, THE APOGEE AND PERIGEE PROCESSOR, IS ENTERED TO

CALCULATE THE POSITION AND HEIGHT OF APOGEE AND PERIGEE,

AND ORBITAL ELEMENTS THERE FOR ON-LINE PRINT AND DIS-

PLAYS. AFTER THIS, THE GMTRC (GMT OF RETRO-FIRE COM-

PUTED), GMTRB AND BANK ANGLE MUST BE CALCULATED IN ORDER

FOR THE S/C TO LAND AT SOME PRE-SELECTED TARGET. THIS IS

DONE BY MYTTF4, THE TIME-TO-FIRE PROCESSOR, USING RSRARF,

REENTRY AND RETRO-FIRE PROCESSOR, AS A SUBROUTINE AND IS

DISPLAYED FOR THE NEXT PRIMARY AND CONTINGENCY RECOVERY

AREA.

FINALLY, IF THE SIC IS IN THE FIRST REVOLUTION, THE

ORBIT CAPABILITY IS COMPUTED BY INTEGRATING AHEAD FOR

22 ORBITS OR UNTIL IMPACT. ALL OF THESE ORBIT COMPU-

TATIONS REQUIRE THE COWLE OR RUNGE-KUTTA INTEGRATOR

PROCESSOR, NOCPNI.

OF ALL THE CALCULATIONS OF THE ORBIT PHASE THAT ARE

COMPUTED AS A FUNCTION OF THE ORBIT, SOME ARE COMPUTED

FROM THE CURRENT ORBIT-DEFINING POSITION AND VELOCITY

VECTORS (X), SOME FROM THE ORBIT TABLE, TNDIAC, (2]

IMINIMUM OF 60 MINUTES FORWARD AND REFLECTING MANEUVERS),

AND SOME FROM THE TABLE OF MANEUVER-REFLECTING VECTORS,

TWREFL, (3) [22 ORBITS AHEAD). THE FOLLOWING TABLE LISTS

THEM IN ORDER -

(I) A.) DIFFERENTIAL CORRECTION

B.) APOGEE AND PERIGEE COMPUTATIONS

C.) ORBITAL CAPABILITY

[2) A.) EPHEMERIS RELATED PRESENT-POSITION DISPLAYS
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B.) ACGUISITION DATA

(3) A.) TIME-TO-FIRE RETROS CALCULATIONS

B.) ORBIT NAVIGATION VECTORS FOR THE DCS

C.} GMT AS A FUNCTION OF LONGITUDE

C.) PROPULSION PANEL (MANEUVERS) COMPUTATIONS

THE LATTER THREE COMPUTATIONS ARE INITIATED BY

MANUAL REQUEST, ONLY.

ORBIT-TO-REENTRY PHASE CHANGE

WHEN RETROFIRE OCCURS_ THE MISSION CONTROL CENTER

INFORMS GCDDARD EF THE TIME-OF-FIRING OF EACH RETRO_ THE

TARGET CCCRCINATES, AND THE DESIRED GUIDANCE MODE. THIS

TARGET COORDINATORS, AND THE DESIRED GUIDANCE MODE. THIS

DATA IS PUNCHED CN PAPER TAPE AND READ INTO THE COM-

PUTER'S CORE STORAGE VIA SUBCHANNEL 30 OF THE DCC. THE

PAPER TAPE PROCESSOR IOMANI, GIVES CONTROL TO MYREST,

WHICH IS THE INTERPHASE PROCESSOR.

BEFORE RETRCFIRE INFORMATION IS RECEIVED AT GODDARD,

DATA FROM PEST-RETROFIRE TRACKING MAY HAVE BEEN PROCESSED

WITH THE SYSTEM IN THE ORBIT MODE. CONSEQUENTLY, THE

INITIAL REENTRY TABLE COULD BE IN ERROR IF THE EXISTING

ORBIT HAD BEEN USED TO DETERMINE THE RANGE AND VELOCITY

VECTORS AT BURNOUT. TO PREVENT THIS, MYREST SEARCHES THE

RESTART TAPE FOR THE LATEST POSITION AND VELOCITY VEC-

TCRS, BASED SOLELY EN RADAR DATA PRIOR TO RETROFIRE.

MYREN2 TAKES THE ACTUAL TIME-OF-FIRING AND CERIVES THE

BURNOUT RANGE, VELOCITY, AND TIME BY USING THE NUMBER OF

RCCKETS FIREC, CALCULATES THE GUIDANCE PARAMETERS AND

GENERATES THE FIRST ACTUAL REENTRY TABLE.

WHEN PHASE CHANGE TAKES PLACE, REENTRY OBSERVATIONS

(THOSE TIME-TAGGED AFTER BURNOUT) MAY BE IN THE COMPUTER

AND MAY BE INTERMINGLED WITH ORBITAL OBSERVATIONS.
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MYPCIT DIRECTS CONTROL SO THAT ALL STORED RADAR OBSERVA-

TIONS PLUS THOSE BEING RECEIVED WILL BE TIME-CHECKED_

AND THOSE WITH PREBURNOUT TIME TAGS WILL BE DISCARDED.

DATA WHICH MAY HAVE BEEN PREVIOUSLY CORRECTED IS AGAIN

PRESENTED TC DOCIFC - THIS TIME WITH ONLY REENTRY DATA

AND WITH AN INDICATION OF REENTRY PHASE.

REENTRY PHASE

IN REENTRYt ONLY THE GUIDANCE PARAMETERS, GMTRB AND

BANK ANGLEr AND THE REENTRY TABLE MUST BE CALCULATED.

THUS, WHEN A COMPLETE RADAR MESSAGE IS AVAILABLE_ IT IS

EDITED (EOLEDI) AND CORRECTED (DODIFC) TO PROVIDE A COR-

RECTED ANCHOR POINT FOR MYREN2. THE GENERATION OF A

CORRECTED REENTRY TABLE TERMINATES THE CYCLE. AS IN

ORBIT, DODIFC MAY REJECT EITHER THE CORRECTION OR THE

REQUEST THAT A SUCCESSIVE CORRECTION BE ATTEMPTED TO

DEVELOP GREATER PRECISION BEFORE PROCESSING NEW DATA.

OUTPUT COMPUTATIONS

EVERY SIX SECONDS THROUGHOUT THE ORBIT PHASE THE

OUTPUT CALCULATIONS PROGRAM OSORMC IS ENTERED. THIS

PROGRAM, USING THE LATEST ORBIT TABLE, DETERMINES CRITI-

CAL ORBITAL ELEMENTS SUCH AS LATITUDE AND LONGITUDE OF

PRESENT POSITION, INCLINATION ANGLE, HEIGHTt AND VELO-

CITY. THIS DATA IS GIVEN TO OOORRE WHICH CONVERTS,

SCALES, AND PACKS THE DATA INTO THE PROPER FORMAT FOR

TRANSMISSION OVER THE HIGH-SPEED LINES TO CAPE KENNEDY.

IN REENTRY THE PROCESS IS ESSENTIALLY THE SAME EX-

CEPT THE FREQUENCY IS EVERY THREE SECONDS AND ONLY THE

REENTRY TABLE IS USED.

TC ASSIST THE RADAR SITES IN LOCATING THE SPACE-

CRAFT, ACCUISITICN DATA IS COMPUTED AND TRANSMITTED OVER
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THE TELEYTPE NETWORK S0 THAT EACH SITE RECEIVES TWO MES-

SAGES PER ORBIT, PROVIDING THE SPACECRAFT PASSES WITHIN

RANGE, I.E., WITHIN -1 OF THE HORIZON. THE SITES RE-

CEIVE THIS INFORMATION APPROXIMATELY 25 MINUTES AND FIVE

MINUTES BEFORE THE SPAC'ECRAFT APPEARS OVER THE HORIZON.

ACQUISITION DATA CONSISTS OF RANGE, AZIMUTH, ELEVATION,

AND TIME FOR ELEVATIONS OF I , lO , AND 30 ABOVE THE

HORIZON AS WELL AS FOR THE POINT OF CLOSEST APPROACH.

THE ACQUISITION COMPUTATIONS PROGRAM, AQDATA, CHECKS THE

PRESENT SPACECRAFT CLOCK SETTING. IF THE TIME OF THE

ACQUISITICN MESSAGE IS LATER THAN THE MOST RECENT TIME-

TO-FIRE, OR TIME-OF-FIRING, THE REENTRY TABLE WILL _E

USED TO GENERATE THE DATA, OTHERWISE, THE ORBIT TABLE

WILL PROVIDE THE NECESSARY INPUT.
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t.**ti_t. ••*._Q

: ENTER :
• BEGIN

lllilllltlltilt

• GEN. MAN. •
-REFLECT. VEC.,
• FOR NEXT 22 •
• ORBITS •

_ABLEFOB :EN, ORBIT

OISPLAYACQUIS._

• eND

• IS GM TRS-GMT • ........
LT 50 MINS

_ES

:'_,L GUIDANJ"
• PARA. REENTRY•
• TABLE TO •
• |_ACT FOR •
• ACGU. •
ltllelltelleell

• GAI HT OF •
• APOGEE •

PERIGEe, •
• ORBITAL •

• ELEMENTS •

• NEXT PRIM. •
ANO •

• CDNIINGENCY •
• REC'Y AREAS •

• •NO

• FIRST • ....... •

REVOLUTION •

"_ES

• NTEG.IAHEAD•

• ?Z ORBITS OR•

UNtlL •
IMPACT-ORBIT•

• CAP. •

: .IT :
• END
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2. MSVTCA-GENERATION OF TMVTCA TABLE

MSVTCA GENERATES r AND v VERCTORS FOR USE BY DIFF-

ERENTIAL CORRECTION (DC) DURING THE ORBIT PHASE. (SEE

FLOWCHART.)

INPUT

A) MNLTMS

B) TDCDEF

C)

D)

TDCCEF

+1

+2

+3

+4

+5

+6

TMI]ATA

TMSTMS

SYMBOL EQUATED WITH THE TOTAL POS-

SIBLE NUMBER OF ENTRIES CONTAINED

IN TMSTMS.

ADDRESS OF DEFINING VECTOR, STORED

IN SEVEN CELLS -

0

t

TABLE OF 3-WORI] ENTRIES, EACH CON-

TAINING INFORMATION RELATING TO A

PARTICULAR EDITED RADAR DATA BLOCK.

THE ORDER OF 3-WORD ENTRIES COR-

RESPONDS TO THE NUMBER OF THEIR

RESPECTIVE DATA BLOCKS LOCATED IN

THE 32K BUFFERING MODULE.

TABLE OF SINGLE-CELL WORDS, EACH

ADDRESS CONTAINING THE ADDRESS OF

THE STATION INFORMATION IN TMDATA.

THE TABLE IS SEQUENCED ON THE BASIS

OF THE TIME OF CLOSEST APPROACH (tca)
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INDICATED IN TMDATA, THE MOST RECENT

ENTRIES APPEARING AT THE TOP OF THE

TABLE.

OUTPUT

TMVTCA TABLE OF COMPUTED VECTORSv ONE OOR EACH

ENTRY IN TNSTNSt AND STORED SUCCESSIVELY

IN THE SANE ORDER AS TNSTMS.

METHOD

IF THE FIRST TNSTNS ENTRY IS NONZEROt THE PROGRAM

EXAMINES EACH TMSTMS ENTRYt ONE AT A TIME_ INTEGRATING

AND STORING THE CUTPUT VECTOR BEFORE PROCEEDING TO THE

NEXT TMSTMS WORD. RETURN TO MPDIFC IS ACCOMPLISHED AFTER

PROCESSING THE LAST USABLE ENTRY [SIGNIFIED BY A MINUS

SIGN BIT IN THE TMSTMS WORD) - THUSt WHEN A MINUS SIGN

BIT IS ENCOUNTERED, THE PROGRAM IS SET FOR THE LAST

PASS.

SUCCESSFUL COMPLETION OF ALL PASSES THROUGH TMSTMS

IS INDICATEC BY PLACING A POSITIVE ZERO IN THE AC BEFORE

EXITING FROM THE PROGRAM. IN THE EVENT OF SOME ERROR

CONDITICNt A NONZERO IS PLACED IN THE AC BEFORE LEAVING

THE PRCGRAM.

THE VECTORS GENERATED ARE USED BY DC TO OBTAIN THE

ORBITAL ARCS IMMEDIATELY AROUND EACH STATION SO AS TO

PERFCRM A DIFFERENTIAL CORRECTION. DIFFERENCES BETWEEN

OBSERVED AND COMPUTED VALUESARETHEN EXAMINED BY DC, AND

THE DEFINING VECTOR (TDCDEF) IS CORRECTED, IF NECESSARY.

bSAGE

A) CALLING SECUENCE -

TSX MSVTCA, 4

NORMAL RETURN
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B) STCRAGE REQUIRED - 78 LOCATIONS.

C) CONSTANTS -

KO0002 AND KNSTKA

D) MACROS -

QTSX

E) TABLES -

TNVTCA

F) TIME REQUIRED -

1) MAXIMUM {FOR FULL TMSTMS TABLE)-2023 CYCLES

2) MINUMUM (FOR ONE TMSTNS ENTRY}-[OI CYCLES
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: ENTER :
• MSVTCA •
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.* • •NO

• COoX IS_t ÷ • .......................

• _ES

: SAVE ALL IRS:

iIi••Sl•HlIH_

•e

:A2:..x: GETNEXT .
TNSTPS ENTRY•

*• : ............. :

• SETUP INPUT • SETUP INPUt
• BLOCK (PUB) • • •BLOCK (FUR)
• FOR FORWARD • • FOR BACKWARD-

INTEG. INTEG. •

:
.X ............................... _

: SET RXOROP:

i GELLEORiDOUBLE
PRECISION

• eYES •••eeeeee*•**••

• DOES IT = 0 • • ............ X: EXIT :

• , * (N_ z_,_ ZNT:_c)

_o

(QTS_ TO• MNGEN 3 •
NOCPN

• * *NO : ....... * ..... :
• IS SIGN - _* • • .............. X: SET PROGRAM :

• •FOR LAST PASS•

• .* . ............. :
• • _ES

: ............................... X:

ettlllllllltegl

• GET VECTOR t
• IIPE ASSOG* •

: WITH TMSTNS •WORD

STORE OUTPUT:

• VECTORS
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OHH.I••H•.•_

* eIS TIIL_TLtE •NO .••
LASTTMS'CMS e e_ A2:

• ENTRY • • •

_,Es

• .NO
IS SECONDS •

PORT ION OF • ........
• TIME GT30 •

_ES

:••••e°ee•e•e,:

i RINUTES * l
INTO MINUTES•

: ............. :

.'X .................

T PRI.:SI.:NT •YES• •**•.

• • TTDCI)I.:E • •wX CO•

, Lxt/O • • ,.I

_D

RE-INTl.'PASS' LOOP

* CONDITIONS •

• 0 INTO AC •

: EXll _

STORE DEF. • • •
VELTOR IN -...X A2.

OUTPUT TABLE• • •
IIMVTCA) • ..,
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. MSLCUC - MONITOR SUBROUTINE TO MOVE A RADAR MESSAGE

BLOCK TO THE 32K CORE BUFFER MODULE

MSLCUC RECEIVES CONTROL FROM MPDIFC AFTER A RADAR

MESSAGE BLOCK FROM A REMOTE STATION HAS BEEN EDITED BY

EOLEDI AND IS READY TO BE TRANSFERRED TO THE 32K BUFFER

MODULE. (SEE FLOWCHART)

INPUT

A) AC

B) MCBLKS

CT MCLCBM

D) MCUCBL

E) MCUCMB

F) MNLCMB

ADDRESS PORTION CONTAINS THE BASE

ADDRESS OF THE EDITED DATA BLOCK TD BE

TRANSFERRED FROM THE 32 K OPERATING

MODULE TO THE 32K _UFFER MODULE.

ADDRESS PORTION CONTAINS A NUMBER COR-

RESPONDING TO THE NUMBER OF UNUSED

EDITED DATA BL_CKS AVAILABLE IN THE 32K

BUFFER MODULE.

ADDRESS PORTION CONTAINS A MONITOR NUM-

BER DEFINING THE TOTAL NUMBER OF EDITED

DATA BLOCKS CONTAINED IN THE 32K OPERA-

TING MODULE.

ADDRESS PORTION CONTAINS A MONITOR NUM-

BER DEFINING THE LENGTH OF AN EDITED

DATA BLOCK.

ADDRESS PORTION CONTAINS A MONITOR NUM-

BER DEFINING TIIE TOTAL NUMBER OF BLOCKS

RESERVED FOR EDITED DAIA IN THE 32K BUF-

FER MODULE.

MONITOR NUMBER EQUAL TO THE TOTAL

NUMBER OF BLOCKS RESERVED FOR LOW-SPEED

INPUT DATA IN THE 32K OPERATING MODULE.
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G) MNUCfiL

H) MNUCMB

MONITOR NUMBER EQUAL TO THE TOTAL NUM-

BER OF CELLS CONTAINED IN AN EDITED DATA

BLOCK,

MONITOR NUMBER EQUAL TO THE TOTAL NUM-

BER OF BLOCKS RESERVED FOR EDITED DATA

IN THE 32K BUFFER MODULE.

OUTPUT

A)

B)

C)

D)

E)

MCBKNO

MCINST

MCSTNO

TMDATA

TMRADR

CONTAINS IN THE ADDRESS FIELD A NUMBER

CORRESPONDING TO ONE OF THE SEQUENTIALLY

NUMBERED EDITED DATA BLOCKS IN THE 32K

BUFFER MODULE INTO WHICH THE INCOMING

EDITED DATA HAS BEEN TRANSFERRED.

CONTAINS IN THE ADDRESS PORTION THE

ADDRESS OF THE 3-WORD STATION INFOR-

MATION BLOCK IN TMDATA. THIS STATION

INFORMATION CORRESPONDS TO THE EDITED

DATA BLOCK MOST RECENTLY TRANSFERRED TO

THE 32K BUFFER MODULE.

CONTAINS IN THE ADDRESS PORTION THE

INTERNAL STATION NUMBER CORRESPONDING TO

THE STATION DATA MOST RECENTLY TRANS-

FERRED TO THE 32K BUFFER MODULE.

A TABLEt CONTAINING IN 3-WORD GROUPS_

STATION INFORMATION DATA CORRESPONDING

TO AN EDITED DATA BLOCK WHICH HAS BEEN

TRANSFERRED TO THE 32K BUFFER MODULE.

(FORMAT SHOWN IN TMDATA FORMAT TABLE.)

CONTAINS AN ENTRY FOR EACH BLOCK IN THE

32K CORE BUFFER MODULE. EACH ENTRY

INDICATES THE STATION NUMBER AND THE

NUMBER OF RADAR OBSERVATIONS CONTAINED
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IN THE DATA BLOCK FOR THAT STATION.

METHOD

ON ENTRY TO MSLCUC, THE ADDRESS OF THE ACCUMULATOR

CONTAINS THE BASE ADDRESS OF THE EDITED DATA BLOCK TO BE

TRANSFERRED TO THE 32K BUFFER MODULE. MCBLKS CONTAINS A

NUMBER CORRESPONDING TO THE NUMBER OF UNUSED BLOCKS IN

THE 32K BUFFER MODULE AND IF THE CONTENTS OF MCBLKS IS

EQUAL TO ZERO, TESTS ARE PERFORMED TO DETERMINE WHICH

BLOCK IN THE BUFFER AREA HAS THE OLDEST TIME OF MINIMUM

RANGE. THE TIME OF MINIMUM RANGE OF THE INCOMING EDITED

DATA BLOCK IS COMPARED WITH THE OLDEST TIME OF MINIMUM

RANGE IN THE BUFFER AREA. IF THE TIME ASSOCIATED WITH THE

INCOMING DATA BLOCK IS LESS THAN THE OLDEST TIME OF

MINIMUM RANGE, AN ON-LINE MESSAGE IS QUEUED STATING THAT

THE INCOMING DATA IS OLDER THAN THE OLDEST DATA BLOCK IN

THE 32K BUFFER MODULE. MSLCUC THEN PLACES A ZERO IN THE

ACCUMULATOR AND TRANSFERS CONTROL TD MPDIFC.

IF THE TIME OF MINIMUM RANGE ASSOCIATED WITH THE

INCOMING DATA BLOCK IS GREATER THAN THE OLDEST TIME OF

MINIMUM RANGE IN THE BUFFER AREA, THE INCOMING EDITED

DATA BLOCK REPLACES THIS OLDEST BLOCK. MSLCUC THEN CON-

STRUCTS THE 3-WORD STATION INFORMATION ENTRY AND INSERTS

IT IN THE APPROPRIATE PLACE IN THE TMDATA TABLE. MSLCUC

FURTHER SETS A MINUS SIGN IN THE TMFRBK ENTRY COR-

RESPONDING TO THE OPERATING ADDRESS OF THE EDITED DATA

BLOCK. THE MINUS SIGN SIGNIFIES TO IOTTIN THAT THE DATA

BLOCK CAN BE USED FOR NEW DATA. AN ON-LINE MESSAGE IS

QUEUED STATING THAT THE EDITED DATA BLOCK HAS BEEN MOVED

TO BLOCK NUMBER IN THE 32K BUFFER MODULE. MSLCUC THEN

TRANSFERS CONTROL TO MPDIFC WITH THE CONTENTS OF THE

ACCUMULATOR SET TO NONZERO.
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USAGE

MSLCUC IS ENTERED FROM

A) CALLING SEQUENCE -

TSX MSLCUC,4

RETURN

B) STORAGE REQUIRED -

C) MACROS -

OENBA

QENBZ

_MOVE

QUEUE

D) PARAMETERS -

MNLCMB

MNMESS

MNUCBL

E) SUBROUTINE -

MSWTMS

F) COMMUNICATION CELLS

MCBKNO

MCBLKS

MCINST

MCLCMB

MCSTMO

MCUC_L

MCUCMB

G) CONSTANTS -

KO0000

KO0001

KO0003

KO0009

H) TI_E REQUIRED

AND EXIIS TO MPDIFC.

105 LOCATIONS

SUI_ROUTINES.

EXCLUDING SUBROUTINE

EXCLUSIVE OF
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MINIMUM - 0.847 MILLISECOND

MAXIMUM - 1.355 MILLISECONDS

TMDATA T_BLE FORMAT

TM DATA

+1

+2

+72

+73

+74

STATION

MNUCMB*3 I

sl
+ PASS NUMBER ,0, STA. IDENT. NO.

LOC. OF STA. MESSAGE
+ BLOCK IN UPPER CORE, 0, NO. RADAR OBS.

+ FIXED-PT. SEC. tca , 0, FIXED-PT. MIN. tca

DECREMENT ITIADDRESS

PASS NUMBER ,0, STA. IDENT. NO.
+

LOC. OF STA. MESSAGE

BLOCK IN UPPER CORE 101 NO. RADAR OBS.

+ FIXED-PT. SEC. tca ,0, FIXED-PT. MIN. tca
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. MS_TNS-_ONITOR SUBROUTINE TO COMPUTE A TMDATA BLOCK

ADDRESS

MSWTMS RECEIVES CONTROL WHEN THE ADDRESS OF A TMDATA

BLOCK IS TO BE CCMPUTED. {SEE FLOWCHART)

INPUT

A) AC

B) MCTMDA

ADDRESS PORTION CONTAINS THE BLOCK NUMBE

OF A LOW-SPEED EDITED DATA BLOCK LOCATED

IN THE 32K BUFFERING MODULE WHOSE CORRES

PCNDING BLOCK ADDRESS IN TMDATA IS TO BE

COMPUTED.

ADDRESS PORTION CONTAINS LOCATION OF THE

TMD_TA BLOCK.

OUTPUT

A) MCINST

B) AC

ADDRESS PORTION CONTAINS THE COMPUTED

TMDATA ADDRESS.

CONTAINS CONTENTS OF MCINST ON EXIT.

METHOD

MSWTMS DETERMINES THE ADDRESS OF A 3-WORD TMDATA

BLOCK BY MULTIPLYING THE BLOCK NUMBER MINUS ONE BY THREE_

AND THEN ADDS THE PRODUCT TO THE BASE ADDRESS OF TMDATA.

USAGE

MSWTMS IS USED BY MPDIFM AND MSLCUC.

A) CALLING SEQUENCE -

TSX MSWTMS, 4

RETURN

B) STCRAGE REQUIRED -
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I0 L(_C A T IG'\1S

C) CU:,_STANTS -

KO0001

KOOOO3

D) CO_'_UNICATIt3N CELLS -

MC INS T

_C I,_OA

I) TI_ RE(_t;I_REO -

26 TO 39 MICROSECQNI)S
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o_,_,tm,tlo**°°

.
*_*HtHJmHO..

MSWIMS

: s_vF XR4

.mHHI°*.tHOO

:..°._.°o_m°*°:

:HHgtlt*Hm.t

• IYES

• IS AC : 0 • ........

_o

2

£

i _,_, • i
CIMCTMUA)

A(MINS_ :

TMDATA ADDR.

:,*-o,*_*-oo,*:

: RESr0RExK4 :
:

! ..... !
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MSDELT - MONITOR SUBROUTINE TO DELETE AN ENTRY IN

THE TMSTMS TABLE

MSDELT RECEIVES CONTROL FROM MPDIFM WHEN DATA FROM

A STATION IS TO BE EXCLUDED FROM THE DIFFERENTIAL COR-

RECTION PROCESS. EXCLUDING STATION DATA IS ACCOMPLISHED

BY CELETING ITS ENTRY IN THE TMSTMS TABLE. (SEE FLOW-

CHART.)

INPUT

A) MCBKNO

B) MCINST

C) TMSTMS

CCNTAINS IN ITS ACCRESS FIELD THE BLOCK

NUMBER OF THE ENTRY TO BE DELETED FROM

TMSTMS.

CCNTAINS IN ITS ACDRESS FIELD THE

ACCRESS OF THE 3-WORD TMDATA BLOCK COR-

RESPONDING TO THE ENTRY TO BE DELETED

FROM TMSTMS.

A TABLE OF MNLTMS ENTRIES, CONTAINING IN

THE ADDRESS FIELD OF EACH ENTRY THE

LOCATION OF THE TMDATA BLOCK ASSIGNED TO

EACH REPORTING STATICN WHICH IS TO BE

USED IN THE DIFFERENTIAL CORRECTION. THE

ERTRIES ARE ORDERED ACCORDING TO THE

TIME OF MINIMUM RANGE [TMR), WITH THE

ENTRY FOR THE MOST RECENT TIME FIRST.

THE LAST ENTRY IN THE TABLE IS SET TO

NEGATIVE, ALL PRECEDING ENTRIES ARE POS-

ITIVE, WHILE ALL REMAINING LOCATIONS

ARE NEGATIVE ZERO.
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CUTPUT

A)

B!

TMSTMS TABLE IS UPDATED TO REFLECT THE LATEST

DELETION.

MESSAGES - QUEUED FOR ON-LINE PRINTING TO SIGNAL

SUCCESSFUL OR UNSUCCESSFUL DELETION OF

THE APPROPRIATE TMSTMS ENTRY.

METHOD

THE APPROPRIATE ENTRY IS DELETED FROM TMSTMS BY

MATCHING THE TMCATA ADDRESS OF THE STATION TO BE DELETED

WITH ALL ENTRIES IN THE TMSTMS BLOCK. WHEN A MATCH IS

FOUND THE BLOCK IS SHIFTED UP BY ONE LOCATION, WITH THE

LOCATION HAVING THE MATCH BEING THE FIRST TO BE OVERLAIN.

THE LAST ENTRY lh THE TMSTMS BLOCK IS THEN SET TO MINUS

$ERO AND A SUCCESSFUL DELETION MESSAGE IS QUEUED FOR

PRINTING.

IF A ZERO ENTRY HAS BEEN ENCOUNTERED IN TMSTMS, OR

THE LAST LOCATION IN THE TABLE HAS BEEN INTERROGATED

WITHOUT A SUCCESSFUL COMPARISON, THE SEARCH IS TERMINATED

AS AN UNSUCCESSFUL DELETION MESSAGE IS QUEUED FOR PRINT-

ING.

RETURN IS T_EN MADE TO ONE LOCATION AFTER THE POINT

OF TRANSFER TO THE SUBROUTINE.

USAGE

MSDELT IS USED ONLY BY MPDIFM.

A) CALLING SEQUENCE -

TSX MSDELT,4

RETURN
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B) STORAGE REQUIRED -

32 LOCATIONS EXCLUSIVE OF MACROS

C) MACROS -

QENBA

_ENBZ

_UEUE

D) PARAMETERS -

MNLTMS

MNMESS

E) CONSTANT -

KMO000

F) TIME RECUIRED -

0.057 TC 0.763 MILLISECONDt EXCLUSIVE OF MACROS

ANE ASSUMING MNLTMS = 25.
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0 MSTINT - SUBROUTINE TO REMOVE RADAR OBSERVATIONS

FROM DIFFERENTIAL CORRECTION

MSTINT REMOVES RADAR OBSERVATIONS FROM DIFFERENTIAL

CORRECTION (DC) THAT ARE TOO OLD TO ACCURATELY INFLUENCE

PREDICTED TRAJECTORY BY UPDATING TMSTMS, A REFERENCE

TABLE TO DATA BLOCKS CONTAINING RADAR OBSERVATIONS. (SEE

FLOWCHART.)

INPUT

A) TMSTMS

B) MNLTMS

C) TMDATA

D} MCTM80

E) MCMXDC

A TABLE OF MNLTMS ENTRIES CONTAINING IN

THE ADDRESS OF EACH ENTRY THE LOCATION

OF THE TMDATA BLOCK ASSIGNED TO EACH

RADAR STATION USED IN DC. ENTRIES ARE

ORDERED BY THEIR RESPECTIVE TIMES OF

CLOSEST APPROACH, FROM NEWEST TO OLDEST,

AS THE TABLE PROCEEDS FROM TOP TO

BOTTOM. THE OLDEST ENTRY IN THE DC IN-

TERVAL IS NEGATIVE. ALL REMAINING

LOCATIONS ARE NEGATIVE ZEROS.

WORD EQUATED WITH THE GREATEST POSSIBLE

NUMBER OF ENTRIES IN TMSTMS.

REFERENCED BY TMSTMS TO OBTAIN COR-

RESPONDING TIMES OF CLOSEST APPROACH.

CONTAINS IN ITS ADDRESS THE CURRENT GMT

IN FIXED-POINT MINUTES.

CONTAINS IN ITS ADDRESS THE MAXIMUM

ALLOWABLE DELAY IN MINUTES WHEN ACCEPT-

ING RADAR OBSERVATIONS FOR THE DC. OB-

SERVATIONS TAGGED WITH A TIME OF

CLOSEST APPROACH OLDER THAN MCMXDC
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MINUTES FROM CURRENT (MCTM80} TIME ARE

OMITTED FROM THE DC.

OUTPUT

A)

B)

TMSTMS IS UPDATED, I.E., ENTRIES OLDER THAN

CURRENT GMT MINUS THE MAXIMUM DELAY ARE SET TO

NEGATIVE ZEROS.

THE AC IS NORMALLY SET TO ZERO ON EXIT. IF ALL

THE ENTREES IN TMSTMS ARE OLDER THAN THE MAXIMUM

ALLOWABLE DELAY, THE AC IS SET TO NONZERO.

METHOD

MSTINT SETS EACH ENTRY IN TMSTMS, WHICH HAS A

CORRESPONDING TIME OF CLOSEST APPROACH (tea) OLDER THAN

MCMXDC MINUTES FROM CURRENT GMT, EQUAL TO MINUS ZERO

THEREBY REMOVING OBSERVATIONS FROM DC THAT ARE TOO OLD.

THE Tca OF EACH ENTRY IN TMSTMS IS OBTAINED FROM THE

SECOND WORD IN THE TMDATA BLOCK REFERENCED BY THAT ENTRY.

THE TIME ASSOCIATED WITH EACH TMSIMS ENTRY, PRUCEEDING

FROM NEWEST TO OLDEST, IS COMPARED WITH THE TIME MCMXDC

MINUTES AGO, UNTIL AN ENTRY OLDER THAN THIS TIME IS LO-

CATED OR UNTIL ALL ENTRIES IN THE TABLE ARE EXAMINED.

ENTRIES IN TMSTMS WITH TIMES EARLIER THAN MCMXDC ARE SET

TO MINUS ZEROS. THE LAST ACCEPTABLE ENTRY IN THE

CORRECTION INTERVAL IS SET TO NEGATIVE.

USAGE

MSTINT IS ENTERED FROM MPDIFC UR MPDIFM AND RETURNS

TO THE PROGRAM FROM WHICH IT WAS ENTERED.

A) STORAGE REQUIRED -

3_ LOCATIONS

B) MACROS -
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QENBZ

QENBA

QUEUE

C) PARAMETERS -

MNMESS

MNLTMS

D) COMMUNICATION CELLS -

MCTM80

MCMXDC

E) TABLES -

TMSTMS

TMDATA IVIA TMSTMS)

F) CONSTANTS -

KNSTKA

KO0000

KMO000

K00249
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! ENTE. !
MPDIPC MPDIFM

.... : ............. ;

io _*J.**tHooeoll
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l..eto.........

e e
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• • • INTO AC • : :

• • :••e•l•••eeeee; i*••leee••ee•ee ••e•ee•l•••s••*

• • • eYES ••• e• _e ........... •_

• " IS AC - 0 " -; BI: :B4:..X: -0 INTO NQ :

• • • • • • e

• ••i •e •

• • •m••H•e••eo•eo

_o

• • • •NO -••

• IS XRX = 0 * •_ B',_

• * •H

_ES

e .•••e••••eeee••

: ............ e: .''• : MQ INTO :

- AC - •iC • .BSe..X- TNSTRS + e
. • • TNLTNS. XRI e

e•e•••ml•looo•e

_•••m••m.....e_
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• e
• •NO

• IS XRL GTI • ...................................................... x.

e
* •
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X
e e

e •
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• • e
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eeeeeeee•eeoeee
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-MCTMBO+ MCMXDC = (-)

: RESTORE XRS :

• 1,2,_

••.•.•m•••••.•m

EX,T :
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_i•ee•ee••••••o e•e
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: : "..."
• gee•e•• •ee •
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1 MSINSR - SUBROUTINE TO INSERT RADAR OBSERVATIONS

INTO DIFFERENTIAL CORRECTION

MSINSR INSERTS DESIRED RADAR OBSERVATIONS INTO

DIFFERENTIAL CORRECTION (DC) BY UPDATING TMSTMS WITH NEW

ENTRIES - TMSTMS PROVIDES THE REFERENCE TO DATA BLOCK

CONTAINING RADAR OBSERVATIONS. (SEE FLOWCHART)

INPUT

A) MCINST

B) MCBKNO

C} MCTM80

D) MCMXDC

CONTAINS THE NEW ENTRY TO BE INSERTED IN

TMSTMS. THE DECREMENT OF MCINST CONTAINS

ZERO. THE ADDRESS CONTAINS THE LOCATION

OF THE 3-WORD TMDATA BLOCK WHICH IS

CORRELATED WITH EACH NEW SET OF EDITED

RADAR OBSERVATIONS TO BE ADDED TO THE

DC.

CONTAINS IN ITS ADDRESS THE BLOCK NUMBER

OF THE NEW EDITED RADAR OBSERVATIONS.

EACH SET (BLOCK) OF OBSERVATIONS IN THE

32K BUFFER MODULE HAS A BLOCK NUMBER AND

A CORRESPONDING 3-WORD ENTRY IN TMDATAt

NUMBERED SEQUENTIALLY STARTING FROM THE

TOP OF TMDATA.

CONTAINS IN ITS ADDRESS THE CURRENT GMT

IN MINUTES.

CONTAINS IN ITS ADDRESS THE MAXIMUM

ALLOWABLE DELAY IN MINUTES WHEN

ACCEPTING RADAR OBSERVATIONS FOR DC.

OBSERVATIONS TAGGED WITH A TIME OF

CLOSEST APPROACH OLDER THAN MCMXDC

MINUTES FROM CURRENT (MCTMBO) TIME ARE
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E) TMSTMS

F) MNLTMS

G) TMDATA

OMITTED FROM DC.

A TABLE OF MNLTMS ENTRIES CONTAINING IN

THE ADDRESS OF EACH ENTRY THE LOCATION

OF THE TMDATA BLOCK ASSIGNED TO EACH

RADAR STATION USED IN DC. ENTRIES ARE

ORDERED BY THEIR RESPECTIVE TIMES OF

CLOSEST APPROACH (CONTAINED IN TMDATA)t

FROM NEWEST TO OLDESTt AS THE TABLE PRO-

CEEDS FROM TOP TO BOTTOM. THE OLDEST

ENTRY IN THE DC INTERVAL IS NEGATIVE.

ALL REMAINING LOCATIONS ARE NEGATIVE

ZEROS.

WORD EQUATED WITH THE GREATEST POSSIBLE

NUMBER OF ENTRIES IN TMSTMS.

LOGICALLY DIVIDED INTO BLOCKS OF THREE

WORDS EACH. EACH OF THESE 3-WORD ENTRIES

CORRESPONDS TO A SET OF RADAR OBSER-

VATIONS IN THE 32K BUFFER MODULE. MSINSR

USES THE ASSOCIATED TIMES OF CLOSEST

APPROACH FOUND IN THE THIRD CELL OF EACH

ENTRY. MINUTES ARE LOCATED IN THE AD-

DRESS FIELD AND SECONDS IN THE DECRE-

MENT.

OUTPUT

A)

B)

TMSTMS

MCLENT

AN UPDATED TABLE SEQUENCED ON THE BASIS

OF THE TIMES OF CLOSEST APPROACH IN

TMDATA, THE MOST RECENT ENTRY APPEARING

AT THE TOP OF THE TABLE.

CONTAINS THE LOCATION OF THE NEW ENTRY

IN THE TMSTMS TABLE RELATIVE TO THE

FIRST LOCATION IN THE TABLE. MCLENT
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C) AC

D) MYMESS

RANGES FROM ZERO TO (MNLTMS-I).

ZERO ON EXITING FROM MSINSR IF THE NEW

ENTRY WAS SUCCESSFULLY INSERTED IN

TMSTMS. IF THE NEW ENTRY COULD NOT BE

INSERTED_ THE AC IS SET TO NONZERO.

QUEUED TO PRINT ON-LINE THE SUCCESS OR

FAILURE OF ADDING NEW OBSERVATIONS.

METHOD

THE TIME OF CLOSEST APPROACH (tc_ IN THE THIRD WORD

OF EVERY TMDATA BLOCK REFERENCED BY EACH TMSTMS ENTRY IS

OBTAINED AND COMPARED WITH THE tca OF THE NEW OBSER-

VATIONS. THE CONTENTS OF MCINST IS INSERTED IN THE FIRST

TMSTMS CELL HAVING tca OLDER THAN OR EQUAL TO THAT

ASSOCIATED WITH MCINST. AFTER EACH NEW OBSERVATION IS

ADDED THE ENTRIES IN TMSTMS ARE SHIFTED DOWN ONE PLACE IN

THE TABLE. IF THE TABLE WAS FULL, THE OLDEST ENTRY IN

TMSTMS IS REMOVED.

MSINSR WILL NOT INCORPORATE THE NEW OBSERVATIONS IN-

TO THE DC IF -

A) _a OF THE NEW OBSERVATION IS OLDER THAN MCMXDC

MINUTES.

B) MPDIFM ATTEMPTS TO INSERT OBSERVATIONS INTO THE

DC THAT ARE ALREADY PRESENT.

C) tea OF THE NEW OBSERVATION IS OLDER THAN THAT OF

THE LAST ENTRY IN TMSTMSt PROVIDED THE TABLE IS

FULL.

THE SUCCESS OR FAILURE OF INSERTING A NEW BLOCK OF

OBSERVATIONS INTO DC IS PRINTED ON-LINE, ALONG WITH THE

ASSOCIATED BLOCK NUMBERt FOR POSSIBLE USE WITH THE MANUAL

INTERVENTION CAPABILITY OF THE REAL-TIME GEMINI SYSTEM.

THIS CAPABILITY ENABLES AN OPERATOR TO INSERT OR DELETE
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A BLOCK OF RADAR OBSERVATIONS VIA THE PCC.

USAGE

MSINSR IS ENTERED FROM MPDIFC OR MPDIFM AND RETURNS

TO THE PROGRAM FROM WHICH IT WAS ENTERED.

A) STORAGE REQUIRED -

66 LOCATIONS

B) MACROS -

QENBZ

QENBA

QUEUE

C) PARAMETERS -

MNMESS

MNLTMS

D} COMMUNICATION CELLS -

MCBKNO

MCINST

MCMXDC

MCTM80

NCLENT

E) TABLES -

TMSTMS

TMDATA {VIA TMSTMS)

F) CONSTANTS -

KO0001

KMSTKA
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i EN,ER!
NPOIFC NPDIFR

MSINSR

eoeH•*•****••*

• SAVE XRS
1,2,¢

:•ooomeuoe.•emm

0 INTO INSg.*ERROR RETURN•

WORD ERRORIF IN_ _ IS :
•..**lHme.mH•

NOI EQUAL TO_
O)•

!NEERNO,N,O!INS8 MSG

QUEUE WORD

***H•l*eeeeIle

• tc. OE ,
• OBS .._LDER aYES •••

TII/_N MCMXDC MIN. • •2 O1:

• MCTMH0 CURB * * •

• TIME IN " .•*

MIN •

NO

• A_L P_S• • * *YES

• *• • QIN DC NEWER•YE, S je*• •

_BOeX TIL_NtcaOFCURR. •... •CO•X • IS XRI GT " * ........

• • • OBS • .... -'* • NNLTMS

• • • C_AC) NOT _ 0° ** * *

t. CORRESP. T_)(TMSTMS, XJ{I)
_IN TO DECR. AND SEC. TO

ADDR. FOR COMP. WITH tca
FOB NEW OBS.

C[A(AC_ _L-)_ 2} INTO C(AC._ .,_)

C{A(ACI8 _35)+ 2} ._qTO C(A_t_ _i_)

• • _O .e•*.

.......... X* C¢*

i
• J ••

• •YES

IS AC GT * ............ X

INSIO

• . _O

;

• •NO

• IS AC - TO • • ....... X
INSIO •

• • _ES

• • e••i•••o•••••e•

• SANE OBS. INYES ••• oCIMCINST INTO•
• D.C. • • • .••** • CITMSTMS •

CITMSINS-Iw D31 • •C4•..Xe*NNL TNS-I • XR_•
.. * * INS. MEW •• XRI) - • • •

• NCINST) • ca• •e • ENTRY •
• • eeee••eeoeeeew•

:
_X .................

;

: BUILD NOLENT:

• 7OS REL TO •
• TOP Of TMSTMS•

:.I_LI_Ig.IL:

• • " • • • •YES •• _ERROR MESSAGEt

• XR! LF - • • ........ •D2•..X• NO 274 INTO • ...........
NNLTNS * • • • XR4 •

-.. : ............. :
• * .•• °

• NO • •
.......... X• ABe

.. - ............. •
:;03;..X; LAD INTO XRAe

m m J

.. . ............. :

;X .................

•eeeoe•eeQeu•el

• INS9 NOT - Oee

: ............. :

e•goe•ool••eQ•• :•eleeeeeee•o•:
• 77 INTO ;GI4 •

• XR4 INTO •
SUCCESS MSGE NO, . ......... X•OI INSel PRINT•

"A BLOCK IIAS BEEN _ ...... • WORD FOR •

ADMITTED TO DC" • * QUEUE •
• •*•ee*•******• **•e*•*Hee*•••

MOVE SIC. TO AOI)H. AND • AC - AC+I •
MIN. TO ECB. OF INSI0 FOR

COMP, C_(MCINST ,_)+2}INTO INSIO ..... i .............

**•H.**• s-,. S
C{A MCINSTI8 '35 +2} INTO IN "lOs_f7

; X

XR_ XR4_I DISRB UEUE :
. . • MNNE_ _NSR •

• • ENABLE

:.............: :.............:

• 0 INTO XR! -2e * -AC INTO XRA_
• INTO XR2 • *

:.............: :..............

X

SHIFT WORD DOWN •ISN 9. INTO ACe

C(TMSTMS , MNLTMS-I, XR4) •SUCCESS I" OlD
• OR ERROR IN•T•

INTO C(TMSTMS + MNLTMS, XR4) * " 0I •

• . .IR_,_7_;'_;_;INTO AC :''';_;':;;F': sm;;'o'Cd_';2R¢': ... : ............. :

•*•AS •**°. X •**OLDER TBANIcaSEEK ENTRY IN TMSTMS •TOeREPORToooIFcSTASxRAa • OF TMSTMS TABLE DOW_ _ CO_ _ RESTORE XRI,:
• A.";SOC. WITII MCINST _ I NTO _ TO MAKE ROOM FOR NE_'_" • • XR2, XR4 •

i

: XRI " XRI-[ :..._ RO: • 0 INTO XR, :..._ CO:

:.............: ... :.............: ...

EXIT

• TRA l,A
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8. MYOURI - ORBIT BASIC CYCLE CONTROL PROCESSOR

PROCESSING AND CONTROL FUNCTIONS OF THE BASIC ORBIT

ARE COORDINATED BY MYOURI. INCLUDED IN THIS CYCLE ARE

THE GENERATION OF MANEUVER-REFLECTING VECTORS, AN ORBIT

EPHEMERIS AND IF NEEDED, A REENTRY EPHEMERIS, COMPUTATION

CF APOGEE AND PERIGEE AND DETERMINATION OF TIMES-TO-FIRE

FOR THE NEXT CONTINGENCY AND PRIMARY RECOVERY AREAS. FOR

EVERY NEW DEFINITION OR ADJUSTMENT OF THE ORBITAL TRAJEC-

TORY, THE PROCEDURE TO UPDATE TIME-RELATED OUTPUT IS BE-

GUN BY MYCURI. IT IS IN THIS CAPACITY THAT MYOUR1 PRO-

VIDES DIRECTION FOR THE OTHER PROCESSORS OF THE BASIC OR-

BIT CYCLE.

PROGRAM FUNCTIONS INCLUDE THE FOLLOWING -

1. ORBIT CATCH-UP CAPABILITY IS PROVIDED. AN INPUT

VECTOR OLDER THAN 30 MINUTES IS INTEGRATED UP TO PRESENT

GMT REFLECTING INTO THE FINAL ORBIT ANY REQUIRED S/C MA-

NEUVERS. DURING THIS CATCH-UP OPERATION, A CONTINUOUS

MCNITOR IS MAINTAINED ON REVOLUTION NUMBER.

2. INPUT D.C., VECTORS REFLECTING A PREMANEUVER OR-

BIT ARE UPDATED TO INCLUDE THE NOMINAL S/C MANEUVER.

3. FCR PURPOSES OF D. C., A VECTOR HISTORY OF VARI-

OUS ORBITS IS MAINTAINED.

4. THE KEPLERIAN HEIGHT OF PERIGEE IS CALCULATED TO

PROVIDE A BASIS FOR DETERMINING INTEGRATOR TIME STEP.

5. VECTORS REFLECTING ANY PROPOSED S/C MANEUVERS

ARE GENERATED BY GVMMRF.

6. A MANEUVER-REFLECTING ORBIT EPHEMERIS, TNDIAC,

IS GENERATED FOR ACQUISITION AND DISPLAY REQUIREMENTS.
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7. IF PRESENT GMT IS WITHIN SO MINUTES OF THE RE-

TROFIRE SETTING (GMTRS), A VECTOR IS GIVEN TO MYREN2 TO

GENERATE THE REENTRY EPHEMERIS.

8. AS DICTATED BY MYOURIeS QUEUE WORD, OTHER PRO-

CESSORS OF THE BASIC CYCLE ARE READIED FOR EXECUTION.

METHOD

REFER TO FLOWCHART.

INPUT

A) MYOURI ¢UEUE WO_D -

I. +NZ = ORBIT REDEFINITION REQUEST

ADDRESS LOCATION OF 8-WORD INPUT

TABLE CONTAINING RtVtTIME

AND REVOLUTION NUMBER IN

THIS PRESCRIBED ORDER.

TAG NONZERO INDICATES A D.C.

VECTOR AS INPUT

DECREMENT = I,ORBIT REGENERATION DUE TO

AN EXECUTED MANEUVER.

= 16384,0RBIT REGENERATION DUE

TO A PLANNED MANEUVER.

2. -NZ = ORBIT REGENERATION DUE TO A CHANGE IN

CNE OF THE PERTURBING FACTORS, SUCH AS

SIC WEIGHT, ATMOSPHERIC DENSITY, ETC.

3. ÷Z = 30 MINUTE ORBIT UPDATE

4. -Z = REQUEST TO GENERATE REENTRY TABLE.

COMMUNICATION CELLS -

MCREST NONtERO INDICATES SYSTEM RE-

START

MCMINS PRESENT GMT COUNT IN MINUTES

MCHFSC PRESENT GMT COUNT IN HALF-

SECONDS

B)
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C)

OUTPUT

A)

MCPHSE

MCMANC

MCREVN

NCTLST

MCIMAT

TABLES -

TMANUV

TMCCDW

TMCEDP

TMGTRS

TN4LLH

TOTUC!

TOTUC2

TOTUC3

TOTUC5

TOTUC6

PREFIX INDICATES MISSION

PHASE

CONTAINS MANEUVER COUNT

CONTAINS PRESENT REVOLUTION

NUMBER

DATA TIME CELL, SET BY D.C.

CONTAINS GMTPS OF LAST IN-

SERTED MANEUVER

S/C MANEUVER TABLE

TABLE OF S/C WEIGHTS USED

FOR EXECUTED MANEUVERS

TABLE OF PARAMETERS ASSOC-

IATED WITH EXECUTED SiC MA-

NEUVERS

TABLE OF RETRO-SETTING QUAN-

TITIES

CONTAINS LATITUDE AND LONGI-

TUDE OF IMPACT

TABLE OF SIC THRUST LEVELS

TABLE OF S/C MASS EXPULSION

RATES

TABLE OF S/C CANT ANGLES

TABLE OF SIC ORIENTATION

ANGLES (I)

TABLE OF SIC ORIENTATION

ANGLES (2)

COMMUNICATION CELLS -

MCVPER VACCUM PERIGEE IN N.M.

MCVPMV CONTROL WORD FOR PRINTING

65g



VOL III REAL TIME PROCESSORS PARI II - ORBIT/REENTRY

B}

MCVTIS

MCNIAC

MCOEAV

TABLES -

TMREFL

TMCCDV

TMORBD

TMREST

TDCOEF

TMLAST

TMMCUR

TRUSTS

TRCURI

TPDIAC

MANEUVER-REFLECTING VECTORS

CONTAINS TIME OF IMPACT

CONTAINS INTEGRATOR ERROR

NUMBER

NZ INDICATES ORBIT EPHEMERIS

AVAILABLE

TABLE CONTAINING PRESENT OR-

BIT-DEFINING VECTOR AND MA-

NEUVER-REFLECTING VECTORS

CONTAINS ORBIT VECTOR HIS-

TORY-FOR MYCOTO

CONTAINS PRESENT ORBIT VEC-

TOR-FOR MYLIFB

CONTAINS PRESENT ORBIT VEC-

TOR-FOR MYWRRS

CONTAINS PRESENT ORBIT VEC-

TOR-FOR D.C.

CONTAINS VECTOR DEFINING

PREVIOUS ORBIT-FOR D.C.

CONTAINS INPUT TO INTEGRA-

TOR

CONTAINS INPUT TO THRUSTER

CONTAINS INPUT FOR MYREN2

TABLE OF INTEGRATION TABLE

ADDRESSES

TMPRIP CONTAINS SIC IMPACT POSITION

TPCUR1 TABLE OF ERROR INFORMATION

C) CUEUES FOR MYMESS,MYQPRAtMYQNEA,MYAPE3 AND

MYREN2

D) B-eIT TURNED ON FOR MYAPE3 AND MYLIF8

660



VCL III REAL TI_E PROCESSORS PART II - ORBIT/REENTRY

USAGE

A) ENTRY AND EXIT TO MOPRIO

B) COMMUNICATION CELLS -

MCREST MCIMAT

MCMINS MCVPER

MCHFSC MCVPMV

MCPHSE MCVTIS

MCMbNC MCNIAC

MCREVN MCOEAV

MCTLST MCVPOC

C) TABLES -

TMANUV TOTUC6

TMCCDV TN4LLH

TMCODP TNDIAC

TMCeDW TPDIAC

TMGTRS TMREFL

TGTUC1 TMORBD

TOTUC2 TMREST

TCTUC3 TDCDEF

TOTUC5 TMLAST

D) CONSTANTS -

KTGMSK KCH600

KO0030 KO0008

KOOCOI KOOOPI

KO0060 KO01.0

KLCAPE K.ERGU

KOOC02 KCGUNM

K00049 KO0090

KMO000 KO0006

TMMGUR

TRUSTS

TROURI

TMPRIP

TPOURI

TMNMSK

TMFMSK

TMPRID

KO0004

KCH233

K77777

K06000

KOO.PI

KKK2PI

K.[RAD

KMO001

661



VOL III REAL TIME PROCESSORS PART II - ORBIT/REENTRY

E) PARAMETERS -

A

B

C

E

F

G

H

MNBBNI

NNCOTO

MNGNT6

F) _ACROS

TRNON

TRNCF

QUEUE

UNCUE

QENBA

QENBZ

QTSX

G} SUBROUTINES -

A3NSCP

GEMWGT

GVMMRF

VMAG

U3DCT

SQRT

UINTP

GINTAB

MNREN2 MNTTOX

MNAPE3 MNTTOY

MNTTF4 MNQPRA

MNNAVS MNQNEA

MNGMT6 MNTABU

MNMUV7 MNMESS

NNLIF8 MNORMC

NNDIC9 MNFPPR

MNCPNI MNWRRS

MNACQD

H) STORAGE REQUIRED - 720 LOCATIONS
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HAAA * • e *

• *l t • * •YES

• BOeX IS HAUOU=-- * .......................
• • • *

it t

• • HADIC

e t t •YES we**

• IsINPUT A * * *
O.C.VECTOR. *X AI•

(HAUQU TAG • e668•

t NON OI • tee•

_o

e
HANA • •

* *

it.... .N_ :..t.
tOO • IS HACNI GT 0 •X B2 *
• • * • .664*
• it • • **•*

• _ES

l
•**et•ee•e•oee•

_ HACNI-I INTO•
• HACNI •

Me•e•*•***•••••

t GENBZ
e **

••••*e*••**•t••*•

• UNDUE MMOUR| ee
em HAUQU e

HAIRY HABA • e HARST

... :*p'_*_': - " " -YES ....

_B2eX_L _ _REV NO • • • • •' ' " • ............... X IS REST RT •X BO •
• • •INTO TMREFL . MCREST_O • *66B•

• *•*•
• H _H*********••_

• * _0

.

e

• • •YES ee•e

• IS MGRINS-BO • •_ CO •e

LT tv • e66_•

• *•**

SET-UPINTEGRATION

• FOR A 30 NIN.•

• CATCH-UP •
**H•e•*eeeeeee

•e**ee••***••••

• _ TSX GEMWGI •. (S/CWGT)
(S/C WEIGHT) •

*•••.•.•*****••t •

e • CENBA e•

• * * eAU * ••H•••leeem•••e

• IN GRBIT *
• PHASE • ............ X • TRN_F A

• MCFHSE=O • RNOURI •e

• • •oe•eeee••toeote

_ES

:"&_I_AT_":
• NO.OF BO •

cHIN. INTERVALS•

: BETWEEN :
PRESENT TN.

.

••••.•••eee.•••

i "AND THE TIRE•
OF THE INPUT •
VECTOR INTO •

HACN| •

*•**e•••me•*w•*

HAGO

*H*Heeeeeeee* _e•••m•••••eoe_
••.•••••e.•****

** TRNON H •e * _ i GALLINGSET-UPe MNTABU RNCCTO • EXIT

• MNREN2 MhAPE3 • • MOPRIO SEQUENCE FORe
• e•eeeeeee•e••• • ABMSCP •

• eHme•H•eeH• **•••****ee•*••

.••••••••*•*••*e e

• QTSX MNOPNI e

• HAQUE

•el•eeeeeel••••

A
• NAEX2

• * •YES ell•

• IS THIS AN • e •

• INTEGRATION eX BI *

ERROR • •669•
• •••*

•*••••••*e*eee•
• •

• PNTTF4 NNNAV5
e MNGMTB PMPUV7 e•

• NNLIFB NhUlC9 e
MhFPPR •

lllillllllJJtiJ

•••*•e•ee•*•*••••

*• TSX ABMSCP •

(_ *
e•eee.•..•**••** •

e HAEXB

• * e •YES eeee

e e IS THIS A e •_ B2••

VECTOR IMPo•• :_•

• •

_o

• * HAAA

eNB leo

• • IS HAUQU=G Z *_* e0* .

• • _ES

• HAREN
• •

• eYES ee*o

• • IS HAUQU-+ • e_ DS•.
•666•

e • e•e*
o o

• • ••N* e
:._.c......... Bo.

••e
HAAA

• e HANA

• •
• •NO e••

• • IS THERE AN * e_ OO_

ERROR * • e
• • eel

• •
e •lee

• YES e •
.......... X* BO •

•66q•
•ee•

HAEX|

_ell••e•••**te_ •e••

SET-UP •

: C,LLING :...iAO•
SEQUENCE FORe e6Bke

• ABRSCP • e**e
*•ee•e••*•••*•e
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e*ee*..*mm*.ee.

:e. e ** TSX A3MSCP *

cA0 * .
• * • *
eee • (hi+I)

• *****m*•l*el.e •

.** : ............. :
• * -UPOATE VECTOR*

•CO ..X-TABLES TMREFLe

• * * INTO TUCDEF •
H* *

.HHeH•******

• I'AEX1
* *

* •YES •i*a

e IS Tt_ERE AN *X BO**

ERROR •669"

* •*.o

*

• NC

i

......... :e2e..x: _ INTO :
.* • • NCVTIS •

.

• YES

• eN_ .Hlea*IweIt°**•.

• _xt_ [ LT XCAPE • • ........ •• QENBZ

"" •.H.°.°••Hiee. e

• ..
• YES ..

: ""

eHH••mHH**•••
• e "_ ": * QUEUE MNMESS •

Xi+ I LT X i • ....... X e K00023 ORBIT

CATCH-UP
• VECTOR •

• :_ eeH*..eee••eH
• oo

• YES

• °o

:x ............... ;:

x
•H•*HHHOOI•

:
• INCREMENT e

• REV. NO. BY [e

Heeet•HHm*e*

_X .................

HANA
IIItlteltllllll eooeeeemeeeee*m

i ..... 2e "1UPOATE LONG [..._ OOmm QUEUE MNMESS• HAM2 •VELOCITY

: ki+ I INTO k i • m663t VECTOR

e*lHeelliiHl_ H** le0.•e. HeeHee•e

•teem•**.•*..**

QUEUE MNWESS ..

• HAM| POSITION *
VECTOR •

• •

**•eHHeeHge*

:e**o*.***••ee:

!I.....couv!INTO TMCR_

INTO TMREST

*.*•.e*e.ee*•*.

:****eee*•ee°e_

e MCTLST INTO :

: TMRFST •

•*****•HtH*H

ee*e**e*e****eee•

QENB/

* .*
illJlllltlllllil

:e*ee°*ee*eeee:

MCHFSC INTOTMREST + 2I :

:.............:

.eeee°**.e*•*me*•

QUEUE RNWRRS •

• KOOOPL [WRITE *

• RECORD NO.I •

• ON RESTART TP •
m*eHeee*Heee*

•ee••••*ee•*****•

• QENBA Ze

• *e•*•eeee.eeee• e

eee*eee*eee*.*•ee

" QUEUE MNRESS •
• HAM3 TIME OF *

• VECTOR
• •

ee••eee*ee•*e*•

* e
. •

e eYES eee*

" * DOES NAUQUE=O • e_ A2ee

*665*
. *e*•

. •

_o

e•e•me**me•*e•e.•

eZ QUEUE MNMESSHAM4 R*N. OF •
VECTOR

ee•eteoeoe•etee I

ee•••ee•me*ee•e

• COMPUTE e INPUT IS PRESENT

: VACUUM : ORBIT-DEFINING

• PER. NT. • VECTOR

hpe r = (z ( 1 -e)

ee•e•eee*•'*ee•*e •ee

• • •
.e QENBA eX CO•

• e •
• e•*

eeeee•ee*•••*H

• • HAEX8
• •

• eYESe :e*ee

• IS THERE AN eX B7 •

ERROR RETURN • e669e
• eeee

• •

• . _o :****
.......... Re AO •
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• * * * .

e. ° • • CHECK NO

• BOOK MANEUVER • ........................................................

• ee COUNToXRI GT •

_ES

• HAEX_

• • eYES _,•e,

IS THERE AN •X B3 •
ERRGR RETURN • •E69•

e

_o

••e*•••.*•e••e•

_el• •• "e

ea2 • TRNCN C

• • • MHCRVC •
• ** • •

i111t1111111111

•••••.•*•°*e**•••

• TRN_H G •
PNTTOX _NTTCY •

• INITIALIAECOUNTERS

• NCNAHC INTC •
• XR! •
*••=•*•••eee•••

_••***,•*,ee=•_

i 0 INTC XR30e[NTC XRS 0 •
INTC XR6 •

: ............. :

• INTEC. T 8 *
,EEGINNING_N_,

• INTO XR2 •

_';_'_;_"
• TIME LIMIT •

_tvl v0 INTO HAM_T
• LNTO HAIVL&X •

ee. COMPUTE TABLE e*•

_Aqe..X_ BEGIN TIME

HAIGB _ •e•

• e

• "YES

S t_t" GT W

• e GMTPE ( •

_o

. ............. .
• *NO

• • -COMPUTE TABLEe

|S HAMAX GT • ............................................ X* END TIME •
• GMTPS([) • HAMXT INTO •

e • HAIND •

"_ES

. * •YES

• IS HANAX GT • ........
GHTPC( i }

e •

• SET2NDEXIT •

e*IND-HaSTLTINTO:

."............. :

_X .................

i
I!!11111ti!!111

:COMPOTE TAeLE:

END ME

INT0 HAIND
IIIIIIIIIIIIIII

HAY

e•eeeeee•eeeee_

• lee _ SET-UP INPUT •
• Bbe..XITO [NTEGRATORe
• • e (tMMCUR} •

• e •
•t•••mm•••e*eH

ee'eee••°*•*••*'• **•

• tsx GEM_GT **_ D5_

e (SIC HEIGHT) • • •

HAY
*•*••••eeeee•e*

COMPUTE TABLE e•e

• E_B T_E L.._ _:
(t .+8) INTO

• Vl HAIND • eel

•eeee*•*•*eee*e

HAY

• SET lST, EXIT• •
• IND. - 0 INTO*...X 86•

• HAXiT • •

_•,•.•**°.•.•._ *•*

• •°e e •••°•••°'°°•e°•••

• OSIX TSX HASAV
(SAVE SReSI •

e••e •• °
*••*°*•••••eeoe

• QTSX NNCPNI *

HAQUE oe

* • HAEX2

* e e eYeS :•ee°

• IS THIS AN iX BI *

INTEG. ERROR * •669 •

HNINP

• * * " *Y_S_-**.
• IS THIS IX DI *

VECTOR IMP° * e667•

:
:
E

HAFIH

• * • eYES •e°•

• TIME TO EXIT • e_ DOe•

HAXlT=- • .66be

• . _o :*"*
.......... x:._L,

ee•°
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eel *•mleee*e••l•eele
* • e TSX HARET • •eel cecile•*•lee•lille•

• AO e (RESTCRE • eBOIX TSX HASAV *

• • • xRms) ** Bee• • (SAVE XR'S) **
• Be •••••HHeee•IH ••eeeeeHeeeeee

_••*le,*•eeel._

• CCMPUTE BASE*
• ACOR.GF NEXT•

INTEG. TABLE•
INTO XR2 •

ee•e•q_•eeeQe_

• * meeeeaeeeeee•
*

•e

• QTSX MNCPNI •
• HAGUE *

• •
e• ee*•eeze•e4e*

HAFIM

• e • ORBIT e

• DO ..Re EPHEMERIS •

AVAI T •

•.•••*•**•*...i

•*.*••....•••••

QENBI * •

• *

:**.•tt.t•••t•_

SET-UP •
• CALLING SEQ.*
• FOR UTINTM •

• HAEX3
• • *

• IS THIS A • e•

eYES •

• • *_( B2**

VECTOR IMP. •6e,'_e

e

ORBIT

EPHEMERIS
GENERATED

*•***•*•e°*•,••

e.

* QUEUE MNMESS •
_0009_ *

•**e••ee**•**.ee

••*e•*•••l*•e••
• TSX U71NTP •

(VECTOR AT *
• e EVEN BIN •

• BEFCRE S/C •
• MANEUVER) •

• • HAEX5

• eYES ••••

• IS THIS AN eX Bk•*

ERROR RETURn *e6q*
• • t.•.

•*_0

eee••4l.•.••ee•

•*COMPUTE TABLE:

• BEGIN TIME •
• GMTPSIi ) INTOt
• HAIBG *

A
••e•ee*•**•tee•

_COMPUTE TABLE**

• EN0 TIME *
• GMTPCII ) INTO•
• HAIND

tllttlttlllllll

e HAEX2

• * • * *YES e,I*

• IS THIS AN • t_ Bl•e

INTEG. ERROR •669e
• • .•e•

• * _O

• HAFIN

• • eYES *••

• 1S IT TIME TO • * I
EXIT HAXIT ix DO•

NOT # O t e•••

• _G

•e*e•••*•ee•e•*e•

e: TSX HARET(RESTORE XRS) •*

ee*•l*llle•••••••

* COMPUTE BASE"
*ADDR. OF NEXT•
• INTEG. TABLE•

INTO XR2 •
•••***••eee*•••

•****•*•••••*•ee•

QENBA •e

•e**.•..•**••••.

HAFIN *

• t *NO

• PRESENT TIME * ••e•••

• WITHIN SO eX A| •
MIN. OF GRTRS • •667"

_ES

HAREN

•*•DS'..X • SET UP *CALLING SEQ* •

FOR UTINTP •

•••e•e•e*e•••••

• * TSX UTINTP *e
• IVECTORS AT •

GMTRS) *

NTEG**

'* (TR#CUR)
e•tel•eeezeeel_

.

*••eeee• * *•****

_HRUSTERe

(THRUSTSJ
•ee•e•**e•••••e

• COUNTERS •

XR4-[ INTOXRI. XR3-I '*

t INTO XR3 •
eoeeeee•aeeeoee

• XNS-S INTO •
• XRS. XR6-X e..._ Age•

INT_ _R6 SETe eb6Se_-z+l • •••*
••eeeee**•o•*•*

• • HAEXS

• • eYES •*e•_

• IS THERE AN IX 84 •
ERROR • e669*

_o

*•*••ee•le•*•**

QENBZ *

• *

• •*eee••* Hit*e• *it

• • T X G MNGT •*_ BO_
is_c W|IGMTI * • •

• * • m••
• l••*•• •*ee •

GENER&TE
REENTRY TABLE

lie., eee*•**ee*

QUEUE MNREN2 eX AO *
HAQRN • •66T •

• . .e.•
• e•. ••••eee•e•
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ee ee• •
o•e e ee •e ee eee e

_AOe• • QEREX ••

• • m• •• •• e • me eee

:** . * ,YES

ee • eeee ee •

eEOeX QENBA •

• • • •e

MAFIS i
••••eeeaeeeeeoe

teem e • TRNON B M_A_Ee•

• AI• 15 HAUQU'0 • ....... •BEER 3 |APOGEE RNO •

• • • ° • • • PEREGEEI ••

• • _o : :

: : :
.... .......°..X•

i
• • HAF|T • •

iN0 e•• • •NOD
_UQUE TAG

w D
• • ....... .e92•• IS TIME THRU •° ..... °.

• NZ •e • • _AFST'O •
• • °•••

• * _ES

• eYES

MANEUVER • ....... ;

e UPUATE INPUT • .o
g

• •HAFIS ..
.•

• . _o -*"- ::
......... .X• El• ..

HAFIQ • •

• •NO

• IN FIRST REV. • ........
MCREVN-1

• • _ES

• • TRNOF E •

• MNACQO ••

• • _ES

o

• TRMON F •
MNLIF8

e e

X

• •• TRNON O Z •
MNLIF8

°X .................

EAFIR i

• QENBZ •

• STL INTO •

: EAFST :
eee•e••ee•o••e•

iX .............. °o.

• TRNOF C •
• MNORMC

• TRNOF G •
MNTTOX

• • TRNOF G •

• MNTTOY •

• •ee• • • se e

• ••e • • •

• COeX TRNOF A •
• • MNOUR| •

• EXIT

• MOPRIO •

HAIMP

:.... :'"_'_'R'_'*:
• • • OF IMPACT

**. : .... .%%.%%%**:

: -9o°t*_+9o o :
:-xso°_X_+zso° :

: STORE *, A IN :

• PRINT 6OFFER•

: ,TMPMIP(:

°

••o•••o••••••••

• IMPACT TIME •
• INTO MCYTIS •

: ............. :

e

ee QENBZ ••

• QUEUE MNMESS •
• HALCO (TIME •

• OF IMPACT) •

• •••e••••••••••• •

QUEUE M_MESS
• • HALCO ( X) _•

• IMPACT_

• eeo••••ee•e•e•• •

• QUEUE MNQNER "
• NO0001

• (CONTINGENCY •
• AREA TTEI •

TRNOF N •
• • MNTABU MNCOTO

• MNMENZ MNAPE3 •e

e•eee•e_•eeeem_ AFIM

• t• :•e•e

• QENGA •X DO •
• • eb6be

• QUEUE MNQPR4 • • • • MNTTF6 MNNAV5
• KO0001 •X BO• MNGMT6 MNMCVT ••X CO•

• (PRIMARY AREA • • • • MNLIF8 MNOIC9 • • •
• TTFI • ••• • MNFPPR • •••

• ••eee•e•eeege• •••••••••ee•ee•
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HARST • e HARSJ

:te e • • •NO ere

:BEe- IS RCoNANC GT _ "_(. OT:.

eie ! •••

_es

HAOIC

_AIe..X_ _ _ _ REV. : _ INITIALIZE :

• N_INTO • • COUNTERS •
:o• m • HATRV •

eeeotaoeloa.oe :mm.tomo•mmmel_

HAIRY • •
• • • • me*oelI•loee•••

• • _ _-1MZN •NO •el• •e • * • •NO
• GT PRE_N_ : AOJ C NTER : •••••LT GNTPC • •; B2e• :82:X • IS CMTP N • • ................ TO TE_ NEX_ .... X B2e

• (I-I_ • • :_" e•ee • TIRE • : MANEUVER : • •.

• • • •tell•eel•ice••

;
• HARSJ

e•eee ••eeeee•: • • • •e•e•eee••e• •e
• NO ••e ee • •

e|NITIALIZE TOo • ARE ANY • • • • • •
• CATCH-Up ONE• • MANEUVERS LT •XOT• •C3•X QENEA •e

: MANEUVER : • PRESENT TIRE • • • • • • •
• • •e• ee

• eeee•••eee•l•e • • e••eee•e••e•ee•ee

_ss

• :.............: ."...............
• • • ........ RANEUVER_ •

_TPC ([-_ ! SAVE NO. F i • TRNOF H
INTO XR7 * HNTABU •!

w • • • :•ee••e••te•el : •••••••eeeeeee•e •

• _ES

e|NIT|ALIZE TO•
• CATCH-VP ON •
• TNU RINEUVEES•

°X .................

• •..11••. ••ell•

• • TSR GVRRRF _•

• +•e •1. ••1••

i
• • HAIRY

• •NO ••e•

• • IS ERRoRTHEREAN IX6B+••

• • •1•+i

i _E_...,: E, -
....... e66qe

HAEX6

• ••••*IeeQ••••** I

• TSX VRRRE A
• CONP _ANEUV_R •+

CATCH'UP
VECTORS ••

eeoo••eee•e•••••

X
• • HAEXT

• aYES ••••

• • IS THERE AN • iX- B6••

ERROR •669•

•e•***l.l.•••••••

• QENBE •

eelulall•u•eee•• •

• *I• +••••11•I•••i•1•••

• EBeX QUEUE NNTBBO •
• • • KROOOO •

l• **••..e••••••+lll

• l

•"l • • " " .YEs : ............. : ...
• CSeX [S HYTABUS A • .............. X_ CYCLE :..._( CS:

• • • OR B ON e • • •

e • _10

i

• e•
e •

TR_OF H
• HNTABO •

• e••e•e••••••e•m •

HARSJ

..-. : ............. :
• DT•..X_ INVALIOATE _

• • • RESTART TESTo

HAIRY

DET RMINE e •••l

LOCATION OF
PROPER _...; B2 • •

OEE NINO 166)IVECTOR : *-**
I • •tllleli•ll•m

• • • eVES :•••••.le**•*•: ole

• " ,s XRTQ,i _ ............... x: XRT-I iNTO:...;.:
• • RR7 • •eee •

• • • I ••• °•••m••ee•••••e

• .NO...... _: c3:
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HAEXI HAEXZ

•-". .:..............: .".
eBO ..XeERHCK CODE |oe ........... eCO*..Xe INTO TPOUKI

• • • INTO XR7 • * • • +1 "

• ***oileDtIieo* *•***•******•**

HAEX2 HAEXZ

*•• • ***

.BE ..l: CIMCNIAC) _ " "• * •...X CO* _SET UP REEURN_

• * • INTO XR7 * • * * ADDRESS •

.-- :.............: --- :.............:

HAEX3 HAEXZ

• • _ _ CODE 60:..._ CO: *_ QEN_Z:"2"''X'ERR._TO,RT • " •

HAEX4 HAEXZ

:B3"..X:ERRCR CODE 701°.._ CO:

• * • INTO XR7 * * *

• H _H•*,e**H***: ***

• QUEUE MNMESS *

• HAERR IERROR * •
NESSAGE)

****H•IH*•*****

HAEX5 HAEXZ

_B_*..X:ERROR CODE 8O*..°X CO*

• • * INTO XR7 * * *

• QENBA **

****H,••******• °

HAEX6 HAEXZ

:'*. : : .'".
IE5 ..XoERROR CODE TlO.°oX CO*
• * • INTO XRT * *

HAEX7 HAEXZ

:'% : • ..-%
• 86 .°X*ERflOR CODE T2_..°X CO*

• * • INTO XR7 • • •

• -- : ............. : ---

• •NO •l•*•*••*****•*
• RETURN TO *

• PROCESSING • ............ X* EXIT
OIXR7) GT 50 • TRA 1,4

• ;ES :*"*
.......... X* B2 •

1667•
*••*

HAF|T

HAEX8 HAEX4

:'% : ....
• B7 ..X-ERROR CODE 20_..._ CO_

• • e INTO XR7 • • *

•-. : ............. : -*-
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9. GVMMRF - MANEUVER REFLECTING VECTORS

GVMMRF IS A SUBROUTINE OF MYOUR1. ITS FUNCTION IS TO

GENERATE AND STORE VECTORS REFLECTING THE MANEUVERS

CURRENTLY IN THE MANEUVER TABLE. (SEE FLOWCHART)

INPUT

A)

B)

C)

D)

CONDITIONS ON ENTRY -

AC CONTAINS THE NUMBER OF MANEUVERS TO BE PER-

FORMED.

SYSTEM MACROS

QTSX

CONSTANTS

KOCO00 KO0001 KO0002

KO006O KO0030 KCH233

TABLES -

TMREFL X

÷I Y

+2 Z

+3 X

+4 Y

+5 Z

+6 T

+7

TMANUV

+I

+2

+3

+4

TGMVNI

ANCHOR POINT REVOLUTION NUMBER

GMTPS

GMTPC

A _T), D(THRUSTER INDICATOR)

PITCH

YAW

A 17-LOCATION TABLE CORRESPONDING TO

TMBBNI (INPUT TABLE FOR THE INTEGRATOR}
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E}

F)

IRUSTS

+0 L_T 1

+i AT 2

+2. A T 3

+3 A T 4

+4 GMTPSI

+5 GMTPS2

+6 GMTPS3

+7 GMTPS4

+8 THRUST IFVEL1

+9 THRUST LEVEL2

+10 THRUST LEVEL3

+11 THRUST LEVEL4

+12 ORIENT ANGLE 1

PROGRAMS

MYCURI

MPCPNI

GEMWGT

A 25-LOCATION TABLE USED AS INPUT TO THE

THRUST PROGRAM

+13 ORIENT ANGLEp.

+14 ORIENT ANGLE3

+15 ORIENT ANGLE4

+16 CANT /_'4GLEI

+17 CANT ANGLE 2

+18 C_'_T ANGLE 3

+19 CANT ANGLE 4

+20 PITCH

+21 ROLL

+22 YAW

+23 THRUST IND.

+24 MASS EXPLUSION RATE

COMMUNICATIONS CELLS -

MCVPER CENTAINS THE KEPLERIAN PERIGEE FOR THE

PRESENT ORBIT DEFINING VECTOR

OUTPUT

A) TABLES -

TMREFL rI

vI

tI
THE MANEUVER REFLECTING VECTORS
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B) EXIT -

APRN 1

rn, vn,

APRN
n

GENERATED ARE STORED IN TMREFL

IMMEDIATELY FOLLOWING THE ORI-

GINAL ORBIT DEFINING VECTOR(r 1,

v I, t 1, APRN I)

CONTROL IS RETURNED TO MYOURI

METHOD

THE CURRENT ORBIT DEFINING VECTOR IS SELECTED FROM

TMREFL AND IS USED TO INITIALIZE THE INTEGRATOR. IN-

TEGRATION THEN PROCEEDS THROUGH EACH MANEUVER IN THE

IAULE STORING IN TMREFL, FOR EACH MANEUVER, A MANEUVER

REFLECTING VECTOR AT THE NEXT EVEN MINUTE AFTER THE BURN.

USAGE

A)

B)

C)

+I

+2

+3

+4

ENTRY - FROM MYOURI

EXIT - TO MYOURI

CALLING SEQUENCE -

TSX GVMMRF

PZE (ADDRESS OF INPUT TABLEI,,(ADORESS OF OUT-

PUT TABLE)

PZE (ADDRESS OF MANEUVER TABLE),,(WEIGHT IN-

DICATOR)

IRA ERROR RETURN

NORMAL RETURN

_+l = M¢E-STORE ONLY LAST VECTOR

= PZE-STORE ALL VECTORS

_+2 (WEIGHT INDICATOR = 0 - USE GEMWGT TO FIND

CAPSULE WEIGHT OF THE WEIGHT TABLE,_ 0 -
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ACDRESS OF WEIGHT TABLE

C) STCRAGE REQUIRED -

505 LOCATIONS USED FOR THE FOLLOWING

I) 440 INSTRUCTIONS

2) 9 INTERNAL CONSTANTS

3) 55 STORAGE CELLS

E) ERROR CCDES - NONE
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LLeLeL****eee*e

: ENTER :

• GU_BF
Leeoeee_LLLLLel

GUMMRF

:_ZVE'_'_,'?_':
L IT ADDR O1,'

CELLS FOH *

:i,N,_._uj.,..OXT.i;u.T:
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* *

*

LL L * .YES ;L*** .........
L L • IS THRUST

*LBOLX• * CONFIRMEDBEING * L .............. X_ CAPSuLEPICKUP i
LL • _ WEIGHT ERURSFL TABLE

• * eeLiLtLLiL*ieLe

e m _0

i
****.**eLL*Le** L L * **.*****eL*LL.*

L • eYES LSET UP TM.BBNI-

CALL GEM WGT L • L • AH = 30 BEC_
. FOR CAPSULE L ............ X IS PERIGEE • .............. XL
L WEIGHT • BELOW BONN • • CHANGE_TF •

• • AND ATB TO •

LL•eeeOL••ee•eiLL L SECONDS RK, •

_0 SECS, DON'T STORE

_•.e••.•LL•Lee:

: ANO ,'NEUVER:

• TABLE L

PURPOSE OF TIRS L**LL**'••*•eL'•e .e**e'LLLL•'m*'ee
INTEGRATION IS TO CALL • *

INTEGRATE UP TO AT • •e CALL •

LEAST 1 MIN• INTEGRATOR e • *• INTEGRATOR

BEFORE BURN •••e•eeeee,e•L•• L eeeeeeeeeeeLeo" L

* GVOUT

. * " *VES ,** ----;***,L.eL.*,**;
• * * *

• DOES PCHANC • L ........ eB3 ..Re RESTORE IND'L

0 . • • • REGISTERS •

I
k

• GUERR • e

• * " LYES LLe * • *YES

L " IS THERE AN • e_ 07_ • L ERROR RETURN " • ........

ERROR L . • • •
• ..• • *

• . L •

• _o " _o

GVCK
. •

* • • *•*e*•.**.**•*•

• _URRENT 0RBITN_ *. EXIT :
• FIN ECT• T G_GMTI_ _ * • ....... • TOTIL _, _ 4 L

L

*

_ES

GUCWL X GUTNI

HeLHHe'e•e*•_ ****•••*•****e•
• e• • GMTPS • ,_.e

:'5*•.X: _-- ti : : DELTA TF " O:.o._ AS:

•••L•••LL•*•*•L

• *•• : SAVE LONG.

• C4L,°Xe OF VECTOR *

LOeL _ h L

_***LL*LLeLLeL_ e•L

• CONVERT L • • .

OUTPUT TIME •...X G_e
FROM SECONDS L _ •

TO MINUTES L ee*
O***eeLLLLL••e*

• • GURK2
• L *•***LLeLLL*•*e

• eND * * .LL*
• * . LL

L IS GUTST- O • .............. XLSET GUTST= O•...X AO • "

L . • L67SL

L • • • _eLeeeeeeeeLeeeee LLLL

• "_ES

L • GUTNI

• • • eYES _ee•eee•eee••._ e•e

* IS OELTA IF • * .............. X:SET GuEst - o:..._ As:
EVEN _ L *LLL*

* L••*•*••••••*•*

_c

: DELTa IF -L :

• INTO CELIJ TF*

LLe*e*H*Lee*•*

°

GUTNI

LI•e•**IIL•••••
el. eSET OP TMBBNI

:,sL.._: _TIIvECTo,I:
• • • I_IIOM 'I'M OI.: F l,

• •" •ATB 2, All 2 •
..H*•H.,*e*•*

_LL*LLLLeL••••_

L INIT TRBSNI •

L WITH VECTOR e

*FROM PREVIOUS"

e INTEGRATION •
•••••••••eLL.e•

GUERR
eleeLL•eLe•eoee

... :._._.._;L: :". : :
:C'*..X: = GMTPS-t :

R_ SECS, _0 • •07 .•Xo STORE ERROR• L • • • e INDICATOR

•.o :LLL_S._.L.: "** :.............:

•e•Leee••L••Le.L•

• CALL INTEG •
• IGET VECTOR •

• AT TIME OF •
• MANEUVERI •

*•eLL.****•.•.•

.LLL••*.*Leeee•

: EXit :
• TO IRA3,4

*L•L••Lea*L*••*

CCW_LLS D_nt .... x so.
i M hbTES • • •

STORE, NC • •

• TMRUSI * .•.

• GUERR

• i L LYES let

IS THERE AN eX DTe
ERROR

• eel

• * _0 :'''L
.......... X• AO•

e675•
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GURK2 •,*****,,*,o,,* **,,•°*,H*,**, :**°°°,,°*°°*°:

mee °INTT. TMBBNI_%_TH • CALL GEMWT • • e° ,

:A ° X: VECTOR AT GMTPS. °BOtXei*•• MANEUvERFORPOST •° eDOe..X: APRN ÷I INTO:

• 0°.. ° SET UP I_UT ° ° • CAPSULE • ° • • OUTPUT TABLE°

e TABLE F R °* • WEIGHT ° °°
e°° °°°*•,,°H°_mH °**•°°*•**°e*°, *•mmee*°°,e*°e*

:*"_Wq;C:
ATB =0 *

: AR=I :
° ATF + AT FROM
°°°°°°°°o.,°°e°

• . GOEUN .°°e°°.e.e•°ee_USAV GVBRN ° ° GVOUT

° • * ,YES * : °*e° e e°e° ° ° ° ° eYES •°°°
eeee * DID MANEUVER • °

eBI°X END ON AN ° .............. X: SAVE LUNG OFe..°X B6• °DI°X MCMANC-BURNS °_ B3 °o

• ° • EVEN HINUTE * • VECTOR • ° ° • • * COMPLETED = 0 e674e
• °ee ,e • ° °°°°
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IO. MYREN2 - REENTRY CONTROL PROGRAM

MYREN2 CONTROLS THE GENERATION OF A REENTRY TRAJEC-

TORY AND BACKUP GUIDANCE PARAMETERS AND SETS UP REENTRY

DATA FOR PLOTBOARD AND DIGITAL DISPLAYS. (SEE FLOWCHART.)

INPUT

A)

B)

C}

PROCESSOR -

NOCPNI NUMERICAL INTEGRATOR

SUBROUTINES -

RUCIVI ROTATES ACCUMULATED ACCELEROMETER

OUTPUTS {IVI'S) FROM PLATFORM COOR-

DINATE SYSTEM INTO INERTIAL COORDI-

NATE SYSTEM.

RUPDAT UPDATES POST-RETROFIRE VECTOR BASED

ON IVI READINGS.

RSRARF COMPUTES BACKUP GUIDANCE PARAMETERS

AND MIN LIFT AND MAX LIFT IMPACT

POINTS.

RVECHT COMPUTES A VECTOR AT A SPECIFIED

HEIGHT.

A3MSCP COMPUTES SUB-CAPSULE POSITION _, @, H

RHBRVG COMPUTES RELATIVE VELOCITY (V) AND

FLIGHT PATH ANGLE IT).

MACROS -

TRNON

TRNOF

QENBZ

QENBA

CAUSES SETTING OF MONITOR CONTROL BIT

IN TMPRIO.

CAUSES RESETTING OF MONITOR CONTROL

BIT IN TMPRIO.

DISABLES ALL INTERRUPTS

ENABLES ALL INTERRUPTS
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D}

UNQUE

QUEUE

QTSX

TABLES -

TMDLVS

TMGTRS

TMIMPP

+1

+2

TMLMPT

TMOFNI

TMPLON

SETS UP CALLING SEQUENCE TO MOUNQU

WHICH SUPPLIES A QUEUE WORD TO THE

ROUTINE UNQUEUEING.

SETS UP THE CALLING SEQUENCE TO

MOQUEU WHICH PLACES ENTRIES INTO

QUEUE TABLES.

SIMULATES A REALTIME TRAP. PROVIDES

FOR INTERRUPTING A PROGRAM AT THE

PLACE THE QTSX IS INSERTED - USED TO

QUEUE THE INTEGRATOR.

A TEN-LOCATION TABLE CONTAINING AN

ORBIT VECTOR CORRESPONDING IN TIME TO

THE BURNOUT VECTOR. THE VELOCITY

VECTOR IS USED IN COMPUTING AV'sFOR

THE POST-RETROFIRE UPDATE.

A S-LOCATION TABLE CONTAINING CON-

TROLS FOR THE DRBIT CASE REENTRY (SEE

TMGTRS FORMAT TABLE IN THIS SECTION).

GMTLC MINUTES IN ADR. + SECONDS IN

DEC.

_IP - LONGITUDE AT 1OK FEET

@IP - LATITUDE AT [OK FEET

TABLE OF PRIMARY AREAS WITH MNNUPA

NUMBER OF PAIRS _, @ IN RADIANS.

A IO-LOCATION TABLE USED TO OUTPUT

SINGLE VECTORS FROM THE INTEGRATOR

(SEE TMOFNI FORMAT TABLE IN THIS

SECTION}.

A MNNUPA-LOCATION TABLE CONTAINING

CODES FQR PRIMARY AREAS.
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TMRETO

TMRNSB

TMRORF

TMRTCO

TNREEP

TNVECT

TOSCCH

TSETCT÷9

(KPERST)

TSETCT+[O

(KRDELT)

TRLIMT

AN If-LOCATION TABLE CONTAINING

RETROFIRE CONDITIONS (SEE TMRETO

FORMAT TABLE IN THIS SECTION).

A ONE CELL TABLE CONTAINING THE MAXI-

MUM NUMBER OF VECTORS ALLOWED FOR

BACKWARD INTEGRATION DURING REENTRY.

OUTPUT TABLE FROM RSRARF CONTAINS

GUIDANCE PARAMETERS AND FOOTPRINT

IMPACT POINTS (SEE RSRARF UNDER

OUTPUT).

A ?-LOCATION TABLE CONTAINING THE

CONTROLS FOR THE REENTRY CASE I.E.t

WHEN THE FUNCTION CODE IS THREE (SEE

TMRTCO FORMAT TABLE IN THIS SECTION).

AN 8-LOCATION TABLE CONTAINING BLACK-

OUT TIMES (TNREEP÷2t +3) AND TIME AT

325K (TNREEP+6) WHICH ARE GENERATED

BY THE INTEGRATOR (NOCPNI).

A 2B-LOCATION TABLE GENERATED BY THE

INTEGRATOR AND CONTAINING FOUR VEC-

TORS - A PAIR EACH WHICH BRACKET 400K

AND 350K FEET RESPECTIVELY.

SPACECRAFT CHARACTERISTICS TABLE

MYREN2 USES VALUES TO INPUT TO THE

THRUST PROGRAM (ROCKNR) VIA TRETRO

(SEE OUTPUT TABLES)

CONTAINS THE STORE INTERVAL USED BY

DC IN GENERATING PERTURBED TABLES.

CONTAINSt IN FIXED POINT SECONDSt

THE INTEGRATION STEP SIZE USED BY DC.

A ONE-LOCATION TABLE CONTAINING THE

LIMIT ON MISS DISTANCE GENERATED BY
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E)

RSRARF (COMPUTES GUIDANCE PARAME-

TERS).

CONSTANTS -

FIXED POINT

KO0000 KOO010

KOOOOI K00024

KOOO02 KO0060

KO0004 KOOOgO

KO00O6 KOOI80

K77777

KTGMSK

KMNMKI

KCH233

FLOATING POINT

KO.IDG K022.0 K0360.

KO00.5 KRTDEG K325.3

KOOI.O K06O.O K035.4

KOIO.O KOI80. K040._

F) CDMMUNCIATION CELLS -

MCTOFS

MCTABT

MCGRGP

MCGTLO

MCDWGT

MCPWGT

TIME OF FIRST RETRO ROCKET FIRED IN

FIXED POINT SECONDS.

ABORT PHASE INDICATOR. WHEN ZERO

ABORT PHASE OTHERWISE ORBIT PHASE.

BANK ANGLE FROM ABORT PHASES (HIGH

OR LOW)

IF Ot MAX LIFT TRAJECTORY REQUESTED

IF 60 _ 60 BANK el te

IF 999t ZERO LIFT tl t=

GMT OF LIFTOFF IN FIXED POINT SECONDS

ORBIT SPACECRAFT WEIGHT IN FLOATING

POINT POUNDS.

PRE-RETRO WEIGHT IN FLOATING POINT

POUNDS.
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G)

MCRWGT REENTRY WEIGHT IN FLOATING POINT

POUNDS.

PARAMETERS -

[) MONITOR CONTROL BITS

AtCpDtEtHtK

2) ROUTINE NUMBERS

MNACQDt MNAPE3_ MNCOTOt MNCPNIt MNDIC9

MNDIFCt MNDIFKt MNDIFMt MNFPPRt MNGMT6

MNLEDI, MNLED2, MNLIF8, MNMESS, MNMUV7

MNNAVSt MNORMCt MNOURIt MNREN2_ MNTTF4

3) TABLE SIZES

MNBBNI INPUT TO INTEGRATOR.

MNNUPA NUMBER OF PRIMARY AREAS.

MNORTS SIZE OF TNINT2

MNRETS AMOUNT OF STORAGE FOR REENTRY

TRAJECTORY FOR GT-4 WAS THE SUM

OF FOUR TABLES (TNINT2t TMCAPE

TNDIAC_ TNINTH).

OUTPUT

A) TABLES -

TOBLKI

TOBLK2

TDRANV

TFESAB

BEGINNING OF BLACKOUT TIME IN FIXED

POINT SECONDS USED FOR ACQUISITION.

END OF BLACKOUT TIME IN FIXED POINT

SECONDS.

CONTAINS BURNOUT VECTOR AFTER RETRO-

FIRE AND ONLY UNTIL SUCCESSFUL DC IN
m

REENTRY. THE FORMAT IS r, v, t IN

GEMINI UNITS AND FIXED POINT SECONDS.

TIME OF BURNOUT IN FIXED POINT SEC-

ONDS USED BY DC.
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THBOUT

TM4OOK

TMBNOT

TMITNI

TMORMC

TMRCNP

TMSSGE

TNINT2

TNREEP

A IO-LOCATION TABLE USED TO BUFFER

DATA TO THE ON-LINE MESSAGE ROUTINE

(MYMESS).

SAME AS TNVECT (SEE INPUT).

A ?-LOCATION TABLE CONTAINS THE BURN-

OUT VECTOR IN THE FORMAT r, v, t WHERE

AND _ ARE IN GEMINI UNITS AND t IN

FIXED POINT SECONDS.

A MNBBNI-LOCATION TABLE CONTAINS ALL

INPUT TO THE INTEGRATOR NOCPNI

(SEE FORMAT IN MPCPNI WRITEUP).

CONTAINS HIGH SPEED OUTPUT. (SEE

FORMAT IN OSORMC WRITEUP).

A S-LOCATION TABLE CONTAINS DATA

WHICH REFLECTS THE TYPE OF REENTRY

TRAJECTORY GENERATED (SEE TMRCNP

TABLE FORMAT IN THIS WRITEUP).

CONTAINS REENTRY DATA TO BE PRINTED

ON-LINE (SEE TMSSGE TABLE FORMAT IN

THIS SECTION.)

REENTRY REFERENCE TRAJECTORY IN THE

FORMAT, TIME UNIT INDICATOR, STORE

INTERVAL, tl, tn, rl, _i' r2' v2'''" r--n'_' n

TIME IN FIXED SECONDS r'S ÷

v's IN GEMINI UNITS.

AN 8-LOCATION TABLE OF WHICH MYREN2

OUTPUTS v350K, T350K, X 400K' _400K' t400K

(TNREEP, ÷lt ÷4t ÷St AND ÷7

RESPECTIVELY).
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B)

TRETRO CONTAINS INPUT TO ROCKNR PKOGRAM

(THRUST) VIA INPUT TO THE INTEGRATOR.

MOST OF THE DATA IS FROM TOSCCH (SEE

FORMAT IN ROCKNR WRITEUP).

COMMUNICATION CELLS -

MCESAB CONTAINS TIME OF FIRST WHOLE SECOND

AFTER BURNOUT.

MCBNOT TIME OF BURNOUT WITH MINUTES IN

DECREMENT AND SECONDS IN ADDRESS.

METHOD

WHEN MYREN2 RECEIVES CONTROL ITS A BIT IS TURNED ON,

ALL USERS OF THE INTEGRATOR (NOCPNI) ARE H-SUPPRESSED -

EXCEPT OF COURSE MYREN2, THE E BIT FOR MPLEDI IS TURNED

OFF, AND MYREN2 IS UNQUEUED. THE E BIT IS ON ONLY WHEN

A LOW ABORT REENTRY IS REQUESTED.

MYREN2 IS DIVIDED INTO FIVE SECTIONS, WHICH ARE

DISCUSSED IN THE FOLLOWING ORDER -

1) DETERMINATION OF THE BURNOUT VECTOR

2) COMPUTATION OF BACKUP GUIDANCE PARAMETERS

3) GENERATION OF THE NOMINAL TRAJECTORY

4) GENERATION OF A MANUAL TRAJECTORY

5) OUTPUT.
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I. DETERMINATION OF THE BURNOUT VECTOR -

IF THE TIME OF THE INPUT VECIOR IS PRIOR TO THE

RETROFIRE TIME, THEN THE VECTOR IS INTEGRATED UP TD THAT

TIME. THE RETROFIRE TIME IS TAKEN FROM TMGTRS FOR

THE ORBIT CASE AND FROM MCTDFS FOR THE RETROFIRE

CASE. WHEN NO RETROS FIRE, MCTOFS WILL NOT BE A

RETROFIRE TIME AS SUCH, BUT AN INTEGRATION WILL BE PER-

FORMED IF THE VECTOR TIME IS PRIOR TO MCTOFS. REENTRY

FROM LOW ABORT IS ALWAYS A NO-RETROFIRE CASE.

THE TIME-TO-FIRE VECTOR IS INTEGRATED AT A ONE SEC-

OND STEP SIZE THROUGH THE RETRO BURN PERIOD WHICH IS

DETERMINED FROM THE RETROFIRE CONDITIONS {TMRETO).

A) NOMINAL RETROFIRE - ALL FOUR RETROS FIRE SERI-

ALLY IN THE ORDER 1,3,2,4 WITH NOMINAL BURN

TIME, PITCH, ROLL, AND YAW (SEE TOSCCH FOR NOMI-

NAL VALUES). NOMINAL RETROFIRE IS ALWAYS

ASSUMED FOR THE ORBIT CASE. CONTROL IS THEN

PASSED TO C).

B) NON-NOMINAL RETROFIRE - THE RETROFIRE BURN

DURATION IS COMPUTED BY

_T = tLAST - tFIRS T _6 SECONDS WHERE

tLAST IS THE LAST RETROFIRE TIME

tFIRS T IS THE EARLIEST RETROFIRE TIME

IF THE D(TMRETO+4)=2, THE BURNOUT VECTOR IS

INTEGRATED WITH THE NON-NOMINAL PITCH, ROLL,

YAW AND RETROFIRE TIMES. IF THE D{TMRETD÷4)=3,

THE BURNOUT VECTOR IS INTEGRATED WITH NON-NOMI-

NAL RETROFIRE TIMES BUT WITH NOMINAL PITCH,

ROLL, AND YAW. IN ADDITION THE BURNOUT VECTOR

IS UPDATED BASED ON IVI READINGS {THEY APPEAR IN

THE SAME CELLS AS THE NON-NOMINAL PITCH, ROLL,
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C)

D)

AND YAW) AS FOLLOWS -

1) COMPUTE AAVAT THE TIME OF BURNOUT

AV= %0 - VORBIT

2) USING RUCIVI SUBROUTINE ROTATE IVItS

FROM PLATFORM TO INERTIAL COORDINATES.

3) USING RUPDAT UPDATE THE BURNOUT VECTOR

BASED ON THE INERTIAL IVIIS ANDAV.

THE BURNOUT VECTOR (WHICH INCLUDES THE VECTOR

WHEN NO RETROS FIRED IS STORED IN TMBNOT AND

ALSO IN TDRANV FOR THE RETROFIRE CASEt AND ALSO

PRINTED ON-LINE.

IF THE MANUAL OVERRIDE WAS SET, CONTROL IS

PASSED TO THE TRAJECTORY GENERATION FOR MANUAL

REQUEST SECTION_ OTHERWISE TO THE GUIDANCE PARA-

METER COMPUTATION SECTION.

2. COMPUTATION OF BACKUP GUIDANCE PARAMETERS

(GMTRBt BI, GMTIR, B).

R5RARF IS USED TO COMPUTE THE BACKUP GUIDANCE PARA-

METERS. RSRARF IS BYPASSED FOR THREE REASONS -

A) WHEN A CONTINGENCY TRAJECTORY IS REQUESTED WITH

A ZERO TARGET

B) FOR A MANUAL OVERRIDE OF GUIDANCE PARAMETERS

(MANUAL INSERTION NO. 20)

C) WHEN IN THE DC ITERATION LOOP

RSRARF IS GIVEN A BURNOUT VECTOR OR LATER (TMITNI)

AND A TARGET. IF THE NORMAL EXIT IS TAKEN, THEN CONTROL

IS TRANSFERRED TO THE TRAJECTORY GENERATION SECTION. IF

THE ERROR EXIT IS TAKEN, RSRARF LEAVES A NUMBER IN THE

AC WHICH INDICATES THE REASON FOR THE EXIT AND MYREN2
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TAKES THE FOLLOWING STEPS -

A) IF ZERO LIFT IP COULD NOT BE GENERATED, (AC=I)t

A MESSAGE IS PRINTED AND AN EXIT TAKEN.

B) IF EITHER MAX LIFT OR e60 BANK IP COULD NOT BE

INTEGRATED (AC=2 OR 27), A MESSAGE IS PRINTED

AND A ZERO LEFT TRAJECTORY IS STORED.

C) IF THE ANCHOR VECTOR IS BELOW 325K FEET (AC=36),

THEN THE TRAJECTORY STORED WILL BE BASED ON CON-

TROLS (TMRCNP) USED FOR THE PREVIOUS TRAJECTORY

GENERATION SECTION.

D} IF THE PRIMARY AREAS ARE BEING SCANNED FOR A NEW

TARGET PROCEED TO PARAGRAPH L).

E) PRINT ON-LINE THE RSRARF ERROR NUMBERS, _T, @T'

@,_ , BANK ANGLE (BI), _I9 AND _p. THE IP

IS THE CLOSEST POINT TO THE TARGET.

F) IF GMTRB = GMTIR = O, SET THE CONTROL TO GENER-

ATE ZERO LIFT TRAJECTORY AND PROCEED TO H).

G) IF THE R5RARF ERROR NUMBER = 23 (BEHIND THE

FOOTPRINT), THEN SET CONTROLS TO GENERATE ZERO

LIFT TRAJECTORY AND PROCEED TO H).

H) COMPUTE MISS DISTANCE.

I) IF THE ORIGINAL TARGET IS A MANUAL TARGET

(MANUAL OVERRIDE CODE=I), A MESSAGE IS PRINTED

ON-LINE AND CONTROLS ARE SET FOR A CONTINGENCY

TRAJECTORY IF TRAJECTORY CODE=5, OTHERWISE THE

CONTROLS ARE SET TO CAUSE IMPACT AT A POINT

NEAREST THE TARGET. CONTROL IS TRANSFERRED TO

TRAJECTORY GENERATION SECTION.
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J} IF THE TARGET IS A GMTRS TARGETt A MESSAGE IS

PRINTED ON-LINE AND CONTROLS ARE SET TO GENERATE

CONTINGENCY TRAJECTORY IF THE CODE=St OTHERWISE

EXIT.

K} IF THE MISS DISTANCE IS EQUAL TO OR LESS THAN

50 NAUTICAL MILES (TRLIMT), TARGET SELECTION

IS BYPASSED AND CONTROL TRANSFERRED TO THE TRA-

JECTORY GENERATION SECTION.

IF THE MISS DISTANCE IS GREATER THAN 50 NAU-

TICAL MILES PROCEED TO M).

L) IF THE PRIMARY AREA BEING TESTED FAILS TO CON-

VERGE IN THE PARTIALS OF RSRARF (ERROR=3t4, OR

5It THEN THE SOLUTION OBTAINED WILL BE ACCEPTED

AND CONTROL TRANSFERRED TO THE TRAJECTORY GENER-

ATION SECTION.

M) IF ALL PRIMARY AREAS HAVE BEEN SCANNED THEN A

MESSAGE IS PRINTED ON-LINE AND CONTROL IS TRANS-

FERRED TO THE TRAJECTORY GENERATION SECTION.

IF THERE ARE MORE AREAS TO BE SCANNED THEN THE

NEXT ONE IS SELECTED FROM TMLMPT AND ITS ASSOC-

IATED RECOVERY CODE FROM TMPLON. CONTROL IS

TRANSFERRED TO RSKARF (BEGINNING OF THIS SEC-

TION) WITH THE SELECTED PRIMARY AREA AS A

TARGET.

. NOMINAL TRAJECTORY GENERATION

A) IF THE PRIMARY AREAS WERE SCANNED FOR A TARGET

RECOMMENDATIONt THEN THE TARGET AND ITS ASSOC-

IATED BACKUP GUIDANCE PARAMETERS ARE PRINTED ON-

LINE AND CONTROL IS PASSED TO C).
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B) IF A NEW TARGET WAS NOT RECOMMENDED_ THEN AN

INTERNAL GUIDANCE PARAMETER TABLE IS SET UP FROM

THE OUTPUT OF RSRARF (TMRORF) FOR THE COMPILED

TARGET.

C) THE HIGH SPEED OUTPUT AND REQUISITION PROGRAMS

ARE C AND E_ SUPPRESSED RESPECTIVELYt WHILE THE
I

REENTRY TRAJECTORY IS BEING GENERATED.

D) INPUT (TMITNI) IS SET UP TO INTEGRATOR (NOCPNI),

WHICH GENERATES THE TRAJECTORY REQUESTED AND

STORES IT IN TNINT2. IF AN ERROR OCCURS IN

TRYING TO INTEGRATE THE TRAJECTORY_ A MESSAGE IS

PRINTED ON-LINE AND A ZERO LIFT TRAJECTORY IS

STORED AS THE NOMINAL.

E) FOR ALL TRAJECTORIES SUCCESSFULLY GENERATED_

TNRCNP IS SET TO REFLECT THE TYPE GENERATED AND

A MESSAGE IS PRINTED ON-LINE STATING THE TYPE

OF TRAJECTORY. CONTROL IS PASSED TO THE OUTPUT

SECTION.

TRAJECTORY GENERATION FOR MANUAL REQUESTS.

A| FIRSTt ZERO LIFT IMPACT POINT IS INTEGRATED.

B}

IF

AN ERROR OCCURS IN THE INTEGRATION, AN ERROR

MESSAGE IS PRINTED AND CONTROL IS TRANSFERRED TO

MOPRIO LEAVING THE DIFFERENTIAL CORRECTION PRO-

GRAM SUPPRESSED. IF ZERO LIFT IP IS SUCCESS-

FULLY GENERATED CONTROL PASSES TO B).

NEXT, THE MAX LIFT IMPACT POINT IS INTEGRATED

AND IF A FAILURE OCCURS AN ON-LINE MESSAGE IS

PRINTED AND A ZERO LIFT TRAJECTORY IS STORED AS

NOMINAL. THE ABOVE TWO IMPACT POINTS ARE THE

FOOTPRINT BOUNDARIES.
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C) IF IN THE DC LOOP, CONTROL IS PASSED TO THE

NOMINAL TRAJECTORY GENERATION SECTION, PARAGRAPH

C), OTHERWISE PROCEED TO D}.

D) THE HIGH SPEED OUTPUT AND ACQUISITION PROGRAMS

ARE SUPPRESSED DURING THE GENERATION OF THE

MANUAL TRAJECTORY. IF AN ERROR OCCURS DURING

THE INTEGRATION, A MESSAGE IS PRINTED ON-LINE

GIVING THE GUIDANCE PARAMETERS AND TRAJECTORY

CODE USED.

E] FOR A SUCCESSFUL TRAJECTORY GENERATION AN ON-

LINE MESSAGE IS PRINTED AND TMRCNP IS SET UP TO

REFLECT THE TYPE OF TRAJECTORY. CONTROL IS

PASSED TO THE OUTPUT SECTION.

5. OUTPUT

IN THIS SECTION TWO OUTPUT TABLES AER SET UP - THE

DIGITAL DISPLAYS [TMORMC) AND THF ON-LINE MESSAGE TABLE

[TMSSGE)o

A) USING VECTORS FROM THE INTEGRATOR (TM4OOK) AND

THE SUBROUTINE RVECHT, A VECTOR AT 400,000 IS

COMPUTED. USING THIS VECTOR AND THE SUBROUTINE

A3MSGP, THE TIME AT 400K IS COMPUTED.

B) A VECTOR IS COMPUTED AT 350,000 FEET USING THE

SAME METHOD AS IN A). USING THIS VECTOR AND

RHBRVG, THE RELATIVE VELOCITY AND FLIGHT PATH

ANGLE ARE COMPUTED.

C) NEXT THE FUNCTION CODE IS TESTED FOR THE

FOLLOWING -

I) IF F.C. IS GREATER THAN 3, BYPASS

SETTING THE DIGITAL DISPLAY (TMORMC),

THAT IS IF EXECUTING IN THE DC LOOP.
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D)

E)

2) IF EXECUTING THE ORBIT OR RETROFIRE

CASES, SET MCESAB WITH THE BURNOUT TIME

(TMBNOT+6).

3) IF EXECUTING IN THE ORBIT PHASEt SET THE

TIME TO REVERSE BANK AND ITS ASSOCIATED

BANK ANGLEr YAW AND DELTA V TO ZERO IN

THE DIGITAL OUTPUT TABLE (TMORMC). THE

SIGN OF GMTRB IS SET NEGATIVE SO THE

PROPULSION PANEL LIGHTS UP RED.

4) IF EXECUTING EITHER THE RETROFIRE CASE

OR A MANUAL REQUEST THE ENTIRE DIGITAL

DISPLAY TABLE IS SET. ALL INTERRUPTS

ARE DISABLED DURING THE TRANSFER INTO

TMORMC.

TMSSGE, THE ON-LINE MESSAGE TABLEt IS SET FROM

TABLES GENERATED BY THE INTEGRATOR (TMIMPP AND

TNREEP) AND FROM THE GUIDANCE PARAMETERS AND

FOOTPRINT IPS TABLES, COMPUTED BY RSRARF OR

MANUALLY INSERTED. IN ADDITION, MYREN2 STORES

THE BLACKOUT TIMES IN TOBLKI AND TOBLK2, RESPEC-

TIVELY, MYREN2 IS K SUPPRESSED UNTIL THE MESSAGE

BLOCK IS PRINTED. MYMESS TURNS OFF THE K-BIT.

THE EXIT CONSISTS OF UNSUPPRESSING THE PREFIX

TO DC AND UNSUPPRESSING ALL USERS OF THE INTE-

GRATOR, THE HIGH SPEED OUTPUT (O50RMC), THE

ACQUISITION PROGRAM, AND THE A OF MYREN2. THE

DC PROGRAMS REMAIN SUPPRESSED UNTIL A REENTRY

TRAJECTORY IS GENERATED. CONTROL IS PASSED TO

MOPRIO.
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USAGE

MYREN2 IS A QUEUED PROGRAM. THE QUEUE WORD CONTAINS

THE LOCATION OF A VECTOR tK,Vtt) IN THE ADDRESS AND A

FUNCTION CODE IN THE DECREMENT. IN ADDITION TO THE QUEUE

WORDt A CONTROL TABLE MUST BE SET DEPENDING ON THE VALUE

OF THE FUNCTION CODE.

A FUNCTION CODE OF I INDICATES A REENTRY TRAJECTORY

IS REQUESTED DURING THE ORBIT PHASE AND TMGTRS MUST BE

SET. A FUNCTION CODE OF 2 INDICATES A REENTRY TRAJECTORY

IS REQUESTED BASED ON THE RETRO-FIRE MESSAGE AND TMRETO

MUST BE SET. A FUNCTION CODE OF 3 INDICATES A MANUAL

TRAJECTORY IS REQUESTED AND TMRTCO MUST BE SET (TMRTCO IS

INITIALIZED DURING PROCESSING OF THE RETRO-FIRE MESSAGE).

A FUNCTION CODE OF 4 INDICATES THAT THE DC ITERATION IS

IN PROCESS AND THE PREVIOUS SET OF CONTROLS WILL BE USED.

STORAGE REQUIREMENTS -

A CORE - II8 LOCATIONS

B CORE - 1223 LOCATIONS

TIMING -

I) ORBIT CASE - I4. B5 MILLISECONDS

2) RETROFIRE NOMINAL - 15.02 MILLISECONDS

3) RETROFIRE NON-NOMINAL WITH IVI'S -

18.41 MILLISECONDS

4) MANUAL TRAJECTORY USING RSRARF -

13.869 MILLISECONDS

5) MANUAL TRAJECTORY WITH RSRARF OVERRIDE -

15.223 MILLISECONDS

THE ABOVE ESTIMATES EXCLUDE RSRARF AND INTEGRATOR

{NOCPNI) TIMES.

ERROR CONDITIONS -

ALL ERRORS PRODUCE ON-LINE MESSAGES. MYREN2

MESSAGE NUMBERS ARE 300-328 INCLUSIVE.
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TABLE 10-1

TMGTRS - GMTRS - RETRO-FIRE SETTING IN FX. PT. SECONDS

*i TRAJ. CODE = I ON BOARD GUIDANCE

= 3 GMTRB AND BANK ANGLE

= 4 GMTIR AND BANK ANGLE

= 5 CONTINGENCY (FIXED B.A.)

+2 TARGET LONG. IN FL. PT. RADIANS

+3 TARGET LAT. IN FL. PT- RAOIANS

÷4 RECOVERY CODE - REV. NO IN THE DEC.

AREA IN ADDPVESS.
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TABLE 10-2

TMOFNI - INDICATOR TO SPECIFY TIME UNIT

0 - TIME IN MINUTES

I - TIME IN SECONDS

÷I h - INTEG. STEP SIZE

+2 tI - TIME OF FIRST VECTOR

+3 t - TIME OF LAST VECTOR (TIME OF THE VECTOR)
n

+4 X - X COMPONENT OF POSITION IN G.L.U.

+5 Y - Y COMPONENT OF POSITION IN GoL.U.

+6 Z - Z COMPONENT OF POSITION IN GoL.U.

+7 X - X COMPONENT OF VELOCITY IN G.V.U.

+B Y - Y COMPONENT OF VELOCITY IN G.V.U.

+9 Z - Z COMPONENT OF VELOCITY IN G.V.U.

THE OUTPUT TABLE USED FOR TIME-TO-FIREt BURNOUT_ ZERO

LIFT IMPACT_ AND MAX LIFT IMPACT VECTORS.
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TABLE I0-3

TMRETO - GMTRF 1 - TIME RETRO I FIRES IN FX. PT. SECONDS

+I GMTRF 2 - TIME RETRO 2 FIRES IN FX. PT. SECONDS

+2 GMTRF 3 - TIME RETRO 3 FIRES IN FX. PT. SECONDS

+3 GMTRF 4 - TIME RETRO 4 FIRES IN FX. PT. SECONDS

+4 MODE,, TYPE OF RETROFIRE INDICATOR

A) MODE {TRAJ. CODE, SEE TMGTRS) IN THE ADDRESS

B) TYPE OF RETRO FIRE INDICATOR IN THE DECRE-

MENT

IF = [, NOMINAL RETRO FIRE

IF = 2, NON-NOMINAL RETRO FIRE

IF = 3, AV(NOT USED)

+5 PITCH - IN FLOATING POINT RADIANS

+6 ROLL - IN FLOATING POINT RADIANS

+7 YAW

+8
T

+9 _T

+I0 ---

+II B C

- IN FLOATING POINT RADIANS

- TARGET LONGITUDE IN FLOATING POINT RADIANS

- TARGET LATITUDE IN FLOATING POINT RADIANS

- USED AS TEMPORARY STORAGE

CONTINGENCY BANK ANGLE IN FLOATING POINT

DEGREES. A BANK ANGLE GREATER THAN 36_

WITH A TRAJECTORY CODE OF 5 INDICATES RE-

ENTRY FROM LOW ABORT AND A ZERO LIFT TRA-

JECTORY WILL BE GENERATED.
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TABLE 10-4

TMRCNP CONTAINS DATA WHICH REFLECTS THE TYPE OF REENTRY

TRAJECTORY GENERATED. THE TABLE IS USED BY THE DIFFER-

ENTIAL CORRECTION PROGRAM (DODIFC}.

TMRCNP T.C. = 1
+1 )_

T

+2 q5T

+3 t325K

T.C. =3 T.C. =4 T.C. =5
GMTRB GMTIR 0

B I B B c

XT - LONG. OF TARGET IN FLOATING PT. RADIANS

@T - LAT. OF TARGET IN FLOATING PT. RADIANS

GMTRB - TIME TO REVERSE IN FL. PT. SECONDS

B 1 - GMTRB BANK ANGLE IN FL. PT. DEGREES

GMTIR - TIME TO INITIATE ROLL IN FL. PT. SECONDS

B - GMTIR BANK ANGLE IN FL. PT. DEGREES

B - CONTINGENCY BANK IN FL. PT. DEGREES
C

t325K - TIME AT 325,000 FEET IN FL. PT. SECONDS -

TIME WHICH SINGLE STATION D.C. IS IN EFFECT.
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TABLE 10-5

TMRTCO - MANUAL OVERRIDE CODE IN THE ADDRESS FIELD

IF = Ot NO MANUAL OVERRIDES

IF = I_ MANUAL TARGET

IF = 2t MANUAL GUIDANCE

+I TRAJ. CODE IN THE ADDRESS (SEE TMGTRS)

+2 _ T- LONGITUOE OF TARGET IN FL. PTo RADIANS

+3 _ T- LATITUDE OF TARGET IN FL. PTo RAOIANS

+4 B - CONTINGENCY BANK IN FL. PTo DEGREES
C

+5 GMTRB/GMTIR - TIME TO REVERSE BANK/TIME TO INITIATE

ROLL IN FX. PTo SECONDS.

+6 B1/B - BANK ANGLE ASSOCIATED HITH GMT SPECIFIED

IN FL. PTo DEGREES.
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TABLE 10-6

TMSSGE - RECOVERY AREA CODE

÷I

+2

+3

+4

+5

+6

+T

+8

÷9

÷I0

÷11

÷12

÷13

(CODE,tLRN)

V - VELOCITY AT 400,000 FT IN FL. PT. FEETISEC.

T - FLIGHT PATH ANGLE AT 40OK FT. FL. PT. DEGREES

GMTBOI - BEGINNING OF BLACKOUT IN FX. PT. SECS.

GMTBO2 - ENDING OF BLACKOUT IN FX. PT. SECS.

GMTLC - GMT AT 1OK FEET IN FX. PT. SECONDS

@IP - LAT. OF IMPACT

kip - LONG. OF IMPACT

@IP (ZL) - LAT. OF ZERO LIFT IP IN FL. PT. DEGREES

kip (ZL) - LONG OF ZERO LIFT IP IN FL. PT. DEGREES

@IP {ML) - LAT. OF MAX. LIFT IP IN FL. PT. DEGREES

kip (ML) - LONG OF MAX. LIFT IP IN FL. PT. DEGREES

GMTRF - TIME OF FIRST RETRO-FIRING FX. PT. SECS.

GETRC - GROUND ELAPSED TIME SINCE LIFTOFF FX. SECS

+14 GMTRB - TIME TO REVERSE BANK IN FL. SECONDS

÷15 BI - GMTRB BANK ANGLE IN FL. PT. DEGREES

÷16 GMTIR - TIME TO INITIATE ROLL IN FX. PT. SECONDS

+17 B - GMTIR BANK ANGLE IN FL. PT. DEGREES

+18 ¢400K - LAT. AT 400K FEET IN FL. PT. DEGREES

+19 k4OOK - LONG. AT 40OK FEET IN FL. PT. DEGREES

÷20 _@ - CROSSRANGE ERROR IN NAUTICAL MILES

+21 Ak - DOWNRANGE ERROR IN NAUTICAL MILES

+22 @T - LAT. OF TARGET IN FL. PT. DEGREES

+23 _. - LONG. OF TARGET IN FL. PT. DEGREES

÷24 CONTROL WORD TO MESSAGE ROUTINE USED TO SUPPRESS

QUEUEING ROUTINE.

ADDRESS - ROUTINE NUMBER (MNREN2)

DECREMENT - SUPPRESSION BIT TO BE USED (K) FOR

MYREN2.
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• * * *NO •ee

" Y-_"V'" TO_ .i 8.:
• • •H

• • _fES • ••••

.......... X. BS•

HBSA3

•e**•***•••e•*•

• HBPRT OVEN• •
MESS. AREA •._ ,,R,..?_

• FC]OIPRINT o• *
leee••*tH•*•**

_X .................

HBbC ].

• •YES •*-*

• TC GT 5 *X B5".

•703.

• . _0

i
*.

*N_ :***i
• TC LT 5 eX AT *

e •705-

* * * ••D*

• * ;ES :••••
.......... x* BI •

•703*

HBB.3
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• • HBCo 0

* • HBPRT_INT *
_•'e TARGET •YES

• * * REC. _ T,_ T' .*AO * CHANGED • ............ X

_.•• • _MBTD[ NOTED) • AND GUID. •
• PARAM. *

_o

HB6.3 HB6.I

: ............. : ... :--;_-¢_X;;;-': ...
iROUNOG01o°i -PARARS. AND •Bl*..X_ WIIH IP FROM_..._ A3*

STORE IN
HEGID _**• : RS. SET RED.- * *CODE , •*-

H*leeltei*o**l *e*iii*etootita

HBC.2

• , m lL ML IPS •
cA2 *.X'ITMRCRF] INTO*

• * * HBGID •

HBC.I

**** • TENON Ct

• A3*X MNORMC E,
• * * MNACQD **

HBCC • * * HB6CI

• " • •YES *'*

•co:x ,RAJCODE=2.;Bs:

HB6C2 * • • HBbC]

• •NO * *NO •**
e

TC LT/= TO 4 • • ............ X • IC= 5 • e_ BS:

• ***

• . ;ES *• ;ES :'".
........... X* A7 *

•TO5•

HB6C3 * • • HBCCS

• eYES e •NO ••*

• " TC GI 3 " * ............ x " GRTIR = O * *_ DS:

•. _o ;ES

HBbB

• •YES **,•ee.•.•,*••*•

• .GMTRB = O • ............ X • HBPRT PRINT •

CODE FAILURE

• • ***eee.e*******. •

Ao

HB6D

• eYES ***

• TR.. _oOEG,_ -i. co:.

.

HBPRT --

INVALID TRAJ.

CODE

* CHANGE T,C. *
• TO 4 IF •

* IRE=O, 3 IF *
rlR=O

.X ................................

HB6C| HBZLT HB6C5

. • *YES -•- -
• • • HBPRT QUEUE "* :'•** ***• _ SELECT GUID._

TRAJ CODE LT • ........ eBS'e* MESSAGE *X AO • -CSe..X* PARAM. FRO_ •

• • • * * ROUTINE * •705- * * * HBGID FOR •
• • -** * • •*** ** * TRAJ. CODE •

_D

• HBPRT - -* HBNI - INTEG. •*

"• oNHBNI-- ED INTEG°TRAj° •e FRAj°CLOSEDcANLOOPNoT - TRAJ PARARIASF[TEe • •

BE GEN° * *

HBPRT - CODE

X TRAJ.

STORED AS
NOMINAL

HBZLT

• HBPRT QUEUE *
• IS THERE AN • • ............ X • MESSAGE *-_ AO *

ERROR ROUTINE • e705•

• * • • -•...•.••.•=...* •**.

;o

• " • *NO •*•'*•••••'•**•**

• * • HBPRT - QUEUE •
• IS THERE AN * ............ X MESSAGE *

• ERROR • • ROUTINE •

_'ES

• HBPRT QUEUE CLOSED LOOP
• NESSAGE "• TRAJ. STORED

ROUTINE AS NON.

HBZLT

*•*'•*•**••'l•'l• •.**

• HBPRT - QUEUE
NESSAGE "•_ AO••

• ROUTINE • eTOSo

HBPBD

HBSET SET *
• TNRGNP TO "e_ D6 •

REFLECT TYPE • *105•
• OF TRAJ, • ••••

HDPBD

• HBSET SET • • •
TRRCNP TO el C6 -

• REFLECT TYPE • -705•
• TRAJ. • .eee

HBPRT - CODE
x TRA3.

CANNOT BE
GEN°

703
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GEN. TRAJ.
BASED ON MAN.

INSERTED
GUID. PARAM.

.mHtmeHtW°HH m

t°*O • TRNON O, • HBPRT -

*C0°X MNOR_C E, INVALIO TRAJ.
CODE• * * MNACQO *

e****.m*etm**I*

HB7

• .. : ............. :
:AE*..x: SAVETRAJ. :

CODE IN HBDTe

eemHHHe*OiH

eHH*H*He*eeml
HBPRT LIP

• HBN INTEG° • CANNOt BEZL P e

I GMTI4- t a GENE RATED
**•••••••e•e•.e•. •

• • HBRIT

• _ *Hl*eH*eiJetel ••*e
!

eYeS •• HBPRT QUEUE • • •
e

• IS THERE AN • ............ X MESSAGE •X G7 •
ERROR • • ROUTINE • e706•

• • •••••••e••e••*•

_o

HB7A t_RZLTi

• ••.••••*•*••e••• m***

• • • eYeS •ee• ee HBPRT QUEUE • • •

..... CUBE ............ • DIeX.. ROUTINE_ES.SAGE .X?_O..

• ., . .H••He.IHH• e**.

Q

• •NO •••H•

• TRAJ. _DUE LT •• eleTos•A# •

• H••

• _ES

• t-IB TA

• eN0 •H

• " TR.._OOEGI_ el.o,:.
• m m.•

IES

••m•••m••••••mm

• (_,k) ZLIP •

INTO_I_ID
• TABLE •

:.............

••••••e••em•e••

• SET PRINT •
• TABLE *

oITHBOUTI WITHe
• [NSERIEU •
• GUID. PARAM.•

• HBNI INTEG* •
• ML IP (TRB" t

• TIR=- BANK= 0 •
• _EG} •

••••o•••••ee••e

ML|P CANNOT
BE GENERATED

eeeee•eemee_ee••e MAN. GUIO.

• HBNI - INTEG° • TKAJ. NOT
• TRAJ. AS A GEN.- GMTRB

((COOE /IRe T.C.,
• PARANSI • BANK

• • HBZLT

• • • eYES eee•eeeeeeeeeeeee ee••
• • • HBPRT QUEUE

IS THERE AN • ............ X MESSAGE eeX A• ••
• ERROR • • ROUTINE • eTOSe

• • • *•••
• *eememme••**••*

• • HBZLT

• • • eYES ••**••m••.••m•ee ••me•

• HBPRT - _UEUE Q•_ AO •
IS THERE AN • • ............ X • MESSAGE

• ERROR • ROUTINE • •70S•

NO

NET.2

: (_,X)tuLiP :

• INTO •
• HBGID TABLE •

t .............

eeeeemeeeeeee•m•.

HB ET SET
• • TM_CNP TO •

• REFLECT TYPE •
• OF TRAJ. •

_RESTORE RIG- I
• TRAJ. _ODE •

HBPBD

HBPRT O EUE
MESSAGE •e_ Cbee

• ROUTINE • I70S•
• • ee••

HB6.2

• * * * * ,Ye.S **,-**

• " ITE_;hND• "._T_|."
• (F°C'=61

• • _0 •ee*•
.......... X• CO•

TO4

HBPRT-CUDE X
TRAJ. STORED
AS NOR. ITEMS

GNTtT,Go RANK



HBZLT
... : ............. :
• • • SET TRAJ. •
*AO .*XICODE TO INIT.*

•me.e •ROLl MODE {61-
• FOR Zl TRAJ.e
tit•tote•••tile

VOL Ill REAL TTME PROCESSORS PART 11 - ORBIT/REENTRY

ZL TRAJ. IS • • *AC INTO HBANK•
GEHo BY eCOe*.Xt USED IN THE

SETTING GHTIR • • • INTEGRATION :
= ANCHOR T ee • •

ll•Hiel.mttiJ.

HBNI INTEG. • N.I. ERROR ZL • HBNI - INFEG• •
e" ZERO LIFT TRAJ. CANNOT TRAJo BASED •

TRAJ. BE GENo NO ON BANK ONLY
TABLE S_ORED

HDPRT - flANK
ANGLE TRAJ.

CAN NOT BE
GEN.

• HBXDC
L ••..•.•*•.*•.LL

• • •YES •

• • e HBPRT - QUEUE e• .••e.
IS THERE AN • ............ X MESSAGE •X DO L

ERROR ROUTINE • *?Obe

;o

L • HBZLT

• •YES .•*•'e*•ee'l''•eL •••

• HBPRT QUEUE L • •
• IS THERE AN L ............ X* MESSAGE •X AO•

• ERROR • • ROUTINE e L

• • • • lLoeel••Oeel••eee Le•

;0

i ANCHOR TIME
INTO AC 0 .INTO K_

i

i BANK ANGLE •INTO M.O. t 0•
INTO A•C. •

*'••**.••L**•L•

e• HBSET - SET ••

• TMRCNP TO

REFLECT TYPE •
• OF TRAJ. •

**L*LLL•••*•••••.

• HBSET - SET
TNRCNP TO LL

• REFLECT TYPE •
• OF TRAJ. *

HBPBD

• ••'••••H••L•O•* H•

• HBPRT - QUEUE HBPRT - ZERO
• MESSAGE •L_ C6: LIFT TRAJ.

ROUTINE • • L STORED AS

• •eee•e•e•eee••• • *•• NOMINAL

HBPRT OUEUE • HBPRT - XXX. X
m • MESSAGE BANK ANGLE

• ROUTINE • TRRJ. STORED
• • AS NOMINAL

**•**.•••*•••L*

... : ............. :
_ATe°.X_ REENTRY S°AoeINTO AC, L

:el• : ABORTINTO _A°
••lLLt•••L••H•

GEN• BANK
ANGLE TRAJ.

• • *YES :to•**• .... DOt:

• *
• NCTaBT NOT=O • .............. X: SNAP AC AND :

L L MQ

• - ............. •

.
-'X ............................... :

i
• HBELT

• e •YES eee

L " IS AC GT 360 " "_{ AO_

UEG*
L a*•

L * _0 .i•t•

.......... X• C0•

*Li

HBPBD

:CbeX_ TNVECT INTOTMBOOK VEC.
• • •FROM N.I° FIT.
eel • 60OK• 3SOK° •

_SAVE BLACKOUT_

• TIMES {FROM •
• TNREEP •21 •
• ÷3). •
eLee••e••e•eoo•

...**_;;_;*:L.L.
COMPUTE

• VECTOR AT •
L GIVEN HFo •

• I40OKI •

• X * HBPEI

• LYES •L• : ...... *•ee•••: •L••

L • • * L INTO TNREEP* *
• IS THERE AN • ........ cog .°X• O ÷Nt O INTO e**.X A] •.

L ERROR

. L L • .._...........::::_.::_::::....
• . _0 :*'**

.......... X• AO L
"706*
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HBPBI HDPLB

OOQQ_Q__QQi__O___

:AO••• TIA, HD3M *A-CORE • IBO•X QENBZ * •CO•X QENBZ
• • • LINKAGE TO * * • * IDISABLE) " * * * (DISABLE) ""

.... . .... :_:_ .... • .. .. .............. • .. . .............. •

HBXDC

*m• * ••••'tH°-°••-

• TBNUF
.DO•* • H, USERSOI::
• • e NOCPNI ••

.•° • *

• • HOPE!

• ° • *YES mta*

• IS THERE AN * •_ D9 ••

ERROR •705•

o

_'400K' INTO TNREEP+4

,_40{)K' INTO TNHEEP+5

• t400K, INTO TNREP+?

SET PROP. SET CELLS IN•
• H.S* OUIPUT • TRNOF• PANEL TABLE
• TABLE TMORMC* C, MNORMC• GMTRE B|, O•

• INTO D_LTA V_• •'2,'3,.10-{),•

• 0 INTO YAW : •18,{9,.22-25t.• AND 2B-3l •ITMORMC
TRNOT

• E, MNACQD

• •****.l*•.*.*•

• *'• e° RVECHT - "•

cA3 • COMPUTE •

_•t• • VECTOR AT •• 35OK FT. •

• " QENBA ....... *" QENBA
tENABLE) •e • (ENABLEI •

............... l_

HBPRB

• SET UP •

REENTRY •
OUTPUT TABLE•

• TMYMES •

* • • •YES

• • IS THERE AN " • .......................

ERROR •

.

IIBPB3

• • RHBRVG -
e O

CORP. eEL. e
VEL. -" FLT

• PATH ANGLE o •

• HBPE2

* * " ,YES _**''***•'****:
• • • O INTO •

• IS THERE AN • .............. X* TNREEP O •
ERROR -INTO TNR_EP_[•

. • ****...•*.****.

,X ...............................

• HBPLR

• IS F*C. LT OR •
" TO 2 {ORBIT e_ CO: HBXIT -

e • OR ABORT) • •e.• NORMAL EXIT

;ES

* TRNON K,

• MNREN2

HBPRT - QUEUE •• MESSAGE PRINT
OUTPUT BLOCK

HBXIT

TRNOF •
:C7•. * H, RNOIEC

H RNDIFK
:••• *- 'H,MNOIFB ••

•.••**•••,.*°..

• e TRNOF ••

A, MNRENZ

i ExIT :
TIA mOPRIO

: SET MCESAB :
WITH B.O.

• TIMEr TNBNOT.
• •b •
ll.meQeemeeee•l

HBROC

• •ee•'lel'eemoe•l eee

TRNOE
• D, MNLED! •*_ DO:

D, RNLED2 • • •

• MBPLB

• • " * •NO .e*

• * IS F.C.- " ._ co-"
(ORBIT CA,_E I e. •

• • _ES o*'l•

.......... X* DO•

EXIT LEAVING
OC AND EDIT

SUPPRESSEU
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ENTER •
* HBPRT •

HBPRT QUEUES HBPRT QUEUES
NYMESS MYMESS

HfiPRT

SAVE XRA,LOAD HBPR

: WITHQUEUE:
WORO (1,4)

." QENB, . ! ENTER! .RSETSE,SUP
1DISABLE) * HBSEE TRRCNP

• • QUEUE MNMESS,

HBPR *

* AC INTO -
• TRRCNP_I RQ •
*INTO TMRCNP÷2_

.* .............. . Tc=_ *_:*A*;. .... *_*_T HBPI - LONG.

e QENBA TC-_, AC_MTIR, MQ=B AND
MINUS lR0

[ ENABLE ] * TC=5, AC=0 M=B o DEG.

=5, = 0

HBRST

t

RESET XR4 •

TCINTO TMRCNP

• t325K (TNREEP*6)

INTO TMRCNP+3

HBpIENTE R

* * * •NO

." IsAaC) GT".........

;ES

: EXIT :
• TRA 2,4 •

: EXIT :

* TRA 1,4 *
:RE - 36oOEG.:
* INTO AC *

.X .................

mlltotoletoelll

i Ex,T :
TRA l,A
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ENTER : COMPUTE : :VARIABLE STEP HBSTT - SET ENTER
• HEVSS SIZE (HBVSS[ THRUST TABLE • HBSTT •

.ite*•••••*•*** .•.•**•••**••e*

HBVSS

• SAVE FX. pT.-
* AT INTO HEN •
e (FROM AC) •

: ............. l

:**ueeeoeete*•:

e •

• SAVE XR4 :

_eeee•ee•eeeee:

:FLOAT AT INTO:

• HBDT *

: .............

***e,**e*ee•*e• _••eeeee••*e**_

: ENTER : HBSHF : SET UP NON- •VAR. PORTION•REFORNAT

• HBSHF • VECTOR • THRUST TBL•
eemiteet•me•eee • (HBTRS) WITHe

•••eeeeeeloe•et

• * HEVSN
• *

• •YES •••
*

XS DELTA T LT *_ B9:

bO * •

• • • **•

• _D

• • VAL* FRON *
• TUSCCH RETRO-•

SAVE XR6 e
• BURN AT •

: • TOSCCH+26 •

• •*•••ee•eHH• •••••eee**•••••

X

............... _ ............. : i THRT LVL: _ INTO AC,_ Tt- X INTO MQ * REFORNA[ * -TO_CCM+ES
• AT/f0 INTO M_ *INTEG. OUTPUT*

• TROFNI • CANT ANGLE-
HEMAINI)I'_IIINTO AC • TOSCCH÷[6 •

eemeeoe•o•o•••• _•••meme••oee•: eeoee•ee•eoeeee

• * * • • *YES

• • RENAINOER 0 * • ........
e •

• _D

:ee•eeee****••_

N÷I [NT0 •
N(R ) N NBER•

O_ ST_FS -

: ............. :

_x .................

• *NO
• *

• NGT 9B * ........

• • _ES

:
• 90 INTO N *

- ............. •

• X..o, .............

: ............. : : ............. :

i INT0 HBRVT •
[R V T : _ BLENTANGLE--
FOUR'T) • _OSCCH 20-23."

_ae•aeee•••••._ •e•oote•e•eee•e

: ............. : : ............. :
• • :TORQUE SNITCH_

RESET XR4 _ • IS NON-ZERO •

: ............. : : ..............

*•*•••••eeee••e NA
: EXIT : : EXPULSION :

RATE - •
* TRA It6 • _ TOSCCH÷|6 •**eoeo•oee•e•*•

******•****••*e

_••t•***••ee•e_

: BESET XR4 •

i............. i

HBVSN

.............. : , : ............. : ...............

IFLATN'NTO" "'" H " iH_No ELTA • ........... eBge..X• OAO AC WIT • .............. . ............. X* EX|T
T/N - _IRQ) • • • eO_LTA T (FLTIe .................... * TRA 1.6

• • eseeeeeoeeeoeee
• eoeoeoeeeseee• •**•**eoeeeeoee
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HBNI

ENTER •
+ HBNI

*+**le*****o*ll

_***e,e..**e,,_

• SAVE XR

• ,,_,I A+ !
HBNIZ

eo•moeoellioee_

A
leoe•mleoeleeee

• 0 INTO DELTA •

• TB, 0 INTO

• TR|TNI+I6 •

HENI -
CALLING

SEQUENCE-

TSX HBNI, 4

A B, C, D

E L(oTPT),, L(INP)

PZE F, G, H

A = 0 , TI_E IN Iv)IN.

A - 1, TD4E IN SEC.

B - 0 , NO THRUST

B = 1, THRUST

C - 0, STORE TABLE

C - 1, LAST VECTOR ONLy

D - 0, COWELL

D = 1, RUNGA-KUTTA

E - +1, ORBIT

E = +2, RETRO-FIRE

E = +3, REENTRY

F - L(GMTRS(F)) ORBIT

F = L(GMTRB) T. C. -3

F = L(ZERO) T. C. =5

G = 0, NOM. RETROFIRE

G - 0, NON-NOMINAL

H = L(BANK), T. C. =3, 4, 5

H - L(THRUST TABLE) FOR

RETBO-F/RE

**•• • HBVSS - CORP. ••

eCOeX MAX. STEP •
• SIZE LT OR ffi •

• lee TO 60 SEC. •

eeeielmeefteeme

HBNI2

:•.+•,••.•.••e: ••**e•*•*•••,.*

• WQ Ih] INTO e •e•. _PRE-RETRO WGT_

TRI NI÷7 ACe • • • TNITN)÷12 •(_) INtO • •DI•..XeIRCPWGT) INTO6

• TRITNI÷9 • ••
eIH•eI•*HteIe _•*•l•***e*••*_

• e HBN2B

_******** .... "_ * * * *YES
e ORB. WGHT • • . el•••

• INTO • T(3 _)ffiO NON. *X CS_

TMITNI÷I2. * R_TRO-FIRE • • *
FLOAT VECTOR• * ••e

_o

• CONTROL WORD,
• II_l INTO •
• TRITNlell ADR•

• lZt6I INTO •

• TMITNI+IO •
• IOUTPUT *
• TABLEt 2'S *
• CORP. •
eeeemeo•m••eeee

HBN2A

COMP. DELTA T F =

(TI_u_ t - TFIRS T + 5.5 sec.)

••**•...•.••el•

X

_*e•••••••••ee_ *e•• •••.••ee•*•.••e

TIRE SET INT:..._
CODE DO •. _INTO TMITNI+9_

IO(HBCWI) _2• •TIO•

• OF LIINPUT •
• VECTOR) INT0•
• XRI •

HBN2B

•. : ............. : : ............. :
:CS:..R: DELTA T-" : ................. X: SET hffi|.O :

l • •Z2.0 TMITNI+g• • tmlTml+T •

-- :.............: :.............:

PREF 12 6I
INTO HB_RE :

i IND. PART OFeTRAJ. BEING •
INTEG •

:'";l_'_;'":
• THRUST TABLE*

FROM DI3 41TRANS.14TO
• TRETRO •

* • e e • eYES ill+

• • IS HBPRE GT 2 • •_ AOe•

•. . * :R_"

**_0

i
e HBNI2

e eYES eme

e e IS HBPRE - TO • •_ 01:
2 • t *

i • • I **•

• _o

: TRETRO INI0 :

• AITRITNI+I3)*

i SET INTEGR• •
COVE :..._o• •

IO(HBCW))=7 • eTIO!

: ............. : ....

_•eee•el•llle•_ el•

• GMTRSIF.)- e • •

• tVECTOR INT0e°..X C01

i......:y.....i "---"

T09
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BEIGHT INTO •
_AO•..X: TMITNf+IZ LCe

• • • INTO •
• •• • THITN[+I6 •

• eeHee*•=*• e**

*SET STEP SIZE"
• tTMITNI÷T) •
• FROM TSETCT *

KP RSTe: KRD_LT*6 :
• ]NTD NE3KR,_ •
• PRIOR TO B.0o*

• TIME e

• • HBN3C
• * ,

• •YES :.* eeseee••.e: •re

• * e LDAD RC e
F.C. GT I -. ........... ..Re W/REENTRV.... 1 Re:

• • TABLE SIZE • • •
• • • Bee

• • •*•el•**** ****•

io

• • HBN3A • e

ee • eYES Be. • eNO Bee • -_ INTO TMITNI+ID(GMTRB)

• • * • •e.• • • •_ .BOO• X .° _ INTO TMITN_+I4(GMT_)_80:X IS THERE AN *X C6* *COeX IS GT

• • • ERROR • • • • • • Hm_chor e ...... _e • *• •
ee ••e ,_• • 325K • .esm •

= • e **•Q•e*•• * •lJ•I

• * ••e •

•*.._?...... _: co: ;Es

• m
eeeeeeeeee•ee•e e •

:COMP. Z_T B = : • eYES .e.e

:*,, - _o_- B,. : * " ,R, _OOEG, ._ B_'.
" "111"

eeme• • e•emeeee e • e • • ••eQ• •

(6, I) - MCBNOT • e _0

(CONVERTED) -

HB3KR

; k • .RNI4
e••••eHee••e•• •
• • e •YES •Bee

" "CODE = •_ BOee
n = • TRAJ!ro 4, • •7lie

• • •lee
e••••e • e•el• • e* •

_o

e

• " *YES e** :..**.***ee***; .***
• •IS N GT MAX. • • • . GNTRB LIAC • •

STEPS •X BEe e 3,_)÷13 ]NTOm•..X U[em

• ( TBRNSfll e • * . TNITNI * •7li-
e lie • *•*_

• * **•e*Ie*eeH*•*

• 180 INT0 • e • • : _ T B = nh • e
HE)KR. LOAD :• •B6•o.X* SET N =MAX.• ...... * .......... X•

e AC W/ORBIT * • • • STEPS •
• TABLE SIZE • me

HBN3C

_T B INTO

• • *eASe X e TIME SPAN = • •

• * • h _T -_A&_ : • TMITNI • 8

• 0 eem.••,•.***.,_ : T. T. -_T B INTO TMITNI
• s•*e*ee********

_X .................

HeN3A

e

• ZNTa_eror : : *:..x: ReSTOR_xR_:
• TMITNI +9 • • • •

: ............. : ,* ..,.........., • :

• • HBN3A * .
• • • •

• eYES e•* • "NO **•

• • DOING IPS° el C6: * TRAJ. CODE -1 el DO:

eTil,_) NOT-O eel • • 1••0•

e • •

• • _o * ;ES

HBNI6
H•e.HH.ee•H • •

INPUT VECTOR• TEA HBA3N 55 INTO D(HBC_ ••ee
(O 1-6 |l • O STROYS ..._ RZee

|NO_X REG. 6 _ T_'TOTI_ITNI+13INT_ HENRY. *
FLOAT TIME • ¢ T INTOTM_N/ eeee•711e

• •**H*•HeHee • • •e**•. eeee* e.

:i "" """
TI& HBA M

• ,.),SC_, "i BO"
CDHP TE

HEIGHT
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HBNI4

• * * GRTIR LIAC •
• BO ..le 3,_1'F16 INTOe
• • • TMITNI •

• °* ,_ .......... •°.:

o.• : ............. :
• • • BANK INTO •
• BI ..X•TMITNI÷IS. 51•
• • • INTO O(HBCR]e
• ** •

••leteteHi*•**

HBNI6

t • • INPUT VECTOR•

eB2 °.la ÷O-b INTO •

TMITNI •

QTSX -

MNCPNI HBCW

QUEUES |NTEG• •ca

HJHte••••••**

• • * eYES •••

D

e

• IS INERE AN eX C6;

• ERROR • e •
• • ••*

• oNO • *YES
• • • ee•et

• REACH lOg • ............ X ORBIT OR QX B7•
• • RETRO CASE • • •

IES " _o

• • • •NO ••• •o•.•••••••••,•

• • REENTRY CASE • * ........ •C6:X: EXIT i

• • .I_L_:_.;._L

• • _ES

*l •••I•*•Ht•,•*•

• i:BT*X: EXIT

• • • TRA 414 - NOR
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II RUPDAT - FOR UPDATING THE POST RETROFIRE TRAJECTORY

THIS PROGRAM UPDATES THE POST RETROFIRE POSITION

AND VELGCITY VECTCRS IMMEDIATELY AFTER RETROFIRE, USING

THE POST RETROFIRE ACCUMULATED ACCELEROMETER OUTPUT, A

SIMULATED RETROFIRE OUTPUT, AND FOUR RETROFIRING INDICA-

TORS. RUPDAT IS A SUBROUTINE OF MYREN2. (SEE FLOWCHART)

INPUT

A) TABLES -

A 3-LOCATION TABLE, ARRANGED IN THE FOLLOWING

FORMAT -

L (A v acc) A Xac c

÷I Ay
ac c

+2
ao o

= X COMPONENT OF THE

VELOCITY INCREMENTe FLOAT-

ING POINT GEMINI VELOCITY

UNITS

= Y COMPONENT OF THE VELO-

CITY INCREMENT, FLOATING

POINT GEMINI VELOCITY

UNITS

= Z COMPONENT OF THE VELO-

CITY INCREMENT, FLOATING

POINT GEMINI VELOCITY

UNITS

A 3-LOCATION TABLEt ARRANGED IN THE FOLLOWING

FORMAT -

Xin t = X COMPONENT OF THE SIMU-

LATED VELOCITY INCREMENT,

FLOATING POINT GEMINI

VELOCITY UNITS
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+ 1 A Y int

+2 A Zin t

= Y COMPONENT OF THE SIMU-

LATED VELOCITY INCREMENT,

FLOATING POINT GEMINI

VELOCITY UNITS

= Z COMPONENT OF THE SIMU-

LATED VELOCITY INCREMENT_

FLOATING POINT GEMINI

VELOCITY UNITS

A 4-LOCATION TABLE, ARRANGED IN THE FOLLOWING

FORMAT -

LiRETROFIRING GMT OF FIRING OF RETORROCKET MUM-

IND.) BER I_ FIXED POINT SECONDS, OR 0

IF NOT FIRED

+1 GMT OF FIRING OF RETROROCKET

NUMBER 2, FIXED POINT SECONDS, OR

0 IF NOT FIRED

+Z GMT OF FIRING OF RETROROCKET

NUMBER 3, FIXED POINT SECONDS, OR

0 IF NOT FIRED

+3 GMT OF FIRING OF RETROROCKET

NUMBER 41 FIXED POINT SECONDS, OR

0 IF NOT FIRED

A 6-LOCATION TABLE CONTAINING THE POSITION AND

VELOCITY VECTORS AT THE TERMINATION OF RETRO-

FIRE, ARRANGED IN THE FOLLOWING FORMAT -

L(_BO, v-BO) X BEFORE UPDATING, FLOATING POINT

GEMINI LENGTH UNITS

*I Y BEFORE UPDATING, FLOATING POINT

GEMINI LENGTH UNITS

.2 Z BEFORE UPDATING, FLOATING POINT

GEMINI LENGTH UNITS

*3 X BEFORE UPDATING, FLOATING POINT
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B)

+4

+5

CONSTANTS -

KO0000

KCH233

GEMINI VELOCITY UNITS

BEFORE UPDATING, FLOATING POINT

GEMINI VELOCITY UNITS

BEFORE UPDATING, FLOATING POINT

GEMINI VELOCITY UNITS

ZERO

OCTAL MASK FOR FLOATING POINT

CHARACTERISTIC, 233 OOO 000 000

OUTPUT

A 6-LOCATION TABLE CONTAINING THE UPDATED BURN-

OUT VECTORS, ARRANGED IN THE FOLLOWING FORMAT -

(THIS IS THE SAME TABLE THAT WAS REFERRED TO

UNDER INPUT.]

L(rBO, vBO)

÷l

+2

÷3

+4

+5

X AFTER UPDATING, FLOATING POINT

GEMINI LENGTH UNITS

Y AFTER UPDATING, FLOATING POINT

GEMINI LENGTH UNITS

Z AFTER UPDATING, FLOATING POINT

GEMINI LENGTH UNITS

AFTER UPDATING, FLOATING POINT

GEMINI VELOCITY UNITS

AFTER UPDATINGt FLOATING POINT

GEMINI VELOCITY UNITS

AFTER UPDATING, FLOATING POINT

GEMINI VELOCITY UNITS
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METHED

AI THE MATHEMATICS OF THE PROGRAM IS AS FOLLOWS -

(THIS FORMULATION IS BASED ON A MEMORANDUM FROM

THE MISSION ANALYSIS BRANCH, MSC, HOUSTON, DATED

JANUARY 19v I965.)

THE VELOCITY VECTOR IS UPDATED USING THESE

EQUATIENS

A7 -AVint --Dace

VBO + 5 = VBO

TO ACCOUNT FOR RETROMISFIRES ON POSITION ERROR,

IT IS NECESSARY TO CONSIDER EACH ROCKET

SEPARATELY SINCE NO VELOCITY ERROR WILL BE

ACCUMULATED DURING THE NO-THRUSTING PERIOD. THE

FOLLOWING METHOD IS USED -

_ (2K1 + K3.)rE 3 : _- 2N Tb3D

- = CKI+2K3+K2) Tb2 _rE 2 2N

- = /2Kl+2K3+2K2+K4) Tb4 ])rE 4 2N
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B)

WHERE

NUMERAL SUBSCRIPTS REFER TO THE RETROROCKETS

WITH A ],3,2,_ FIRING SEQUENCE

K i = I IF i th RETROROCKET FIRES

K. - 0 IF i th RETROROCKET MISFIRES
1

Tbi -- BURNING TIME OF i th RETROROCKET

i -- 1,2,3,4

N = K 1 + K 3 + K2 + K 4

ASSUMING Tb 1 = Tb 3 = Tb2 =Tb4 AND SUMMING THESE

POSITION ERRORS GIVES

ST b

_HERE

S=7K 1 + 5K 3 + 3K 2 + K 4

T b = SIMULATED BURNING TIME OF EACH RETRO-

ROCKET, CURRENTLY 5o5 SECONDS

FINALLY, THE POSITION VECTOR IS UPDATED USING

THIS EQUATION-
I

rBO + FD= rBO

THE LOGIC OF THIS PROGRAM IS AS FOLLOgS -

WHEN CONTROL IS TRANSFERRED TO RUPDAT, THE

CCNTENTS OF THE INDEX REGISTERS USED ARE

SAVED.

NEXT THE RETROFIRING INDICATORS ARE TESTED

AND THE QUANTITIES 2N AND S ARE COMPUTED.

IF 2N = 0 (I.E., NONE OF THE FOUR RETRO-

ROCKETS FIRED|, THEN THE POSITION AND

VELCCITY VECTORS ARE NOT UPDATED AND CONTROL

IS TRANSFERRED TO THE LAST PARAGRAPH OF THIS

SECTICN°
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IF 2N _ O, F AND DARE COMPUTED, AND THE

VELOCITY AND POSITION VECTORS ARE UPDATED.

FINALLY, THE CONTENTS OF THE INDEX REGISTERS

USED ARE RESTORED AND CONTROL IS TRANSFERRED

BACK TO MYREN2.

USAGE

A) CALLING SEQUENCE -

RUPDAT,4TSX

PZE

PZE

NORMAL

n

L vaoo) L(A np
L (rBO, VBo) ,,LIRETROFIRING IND.)

RETURN

THIS IS A B CORE PROGRAM WITH ALL STORAGE AND CON-

STANTS IN A CORE, WHICH MEANS THE ECC IS NORMALLY

SET TO A CORE AND THE ICC SET TO B CORE. THIS

MINIMIZES THE NUMBER OF SEA AND SEB INSTRUCTIONS.

B) STORAGE REQUIRED - A CORE - 5 LOCATIONS

B CORE - 63 LOCATIONS

C) TIMING (7094) - .470 MS (MAXIMUM TIME REQUIRED,

I.E., ALL FOUR RETRDRDCKETS FIRED.)
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msi,lm*,**t,.ml

• 0,_ *
°°o*l**mH**°.o

RUPCAT

: SJvE xR,s :
: z,2,3._ :
HelII,lIItHH

eo*alJtm,llete*

o2'S COMPL. L • 2'S COMPL. L

•s( RETROI'IItE i (_BO' _Bo )

• IND) INTO X]U : INTO XIt2

HHtHH.WtIH

ssss.stsslsssss

2N:2Kl_ 2K,l + _ S 7K 1 _ 5K:I * 3K 2 ÷ K 4

2K 2 ' 2K 4

RUPAS . •

,YES

• DOES 2N - 0 • .......................

_•slls,•s••ll•_

s. T b
:F 2-_ -

•lel•slJl•ilell

• 2'S COMPL. _ 2'S COMPL.

: L(_.Vaec) INTO : L(_Vint)

x., ; ,sToxR3

•,tlllt•l•_•_ll

:5:a;a¢ ¢- : vBo+D =_BO

•oootle_i_w,eJl

RUPXR

: ............. : : ............. :
:;uu+ F5 _BO : ................. x: aESTOREXR'S:
: • lo21}t_ •

lllislellilioel

: ex,. :
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I2. RUCIVI - PLATFORM TO INERTIAL COORDINATES CONVERSION

THIS PROGRAM CONVERTS VELOCITY VECTOR INCREMENTS

FROM INERTIAL PLATFORM COORDINATES TO INERTIAL GEMINI

COORDINATES. RUCIVI IS A SUBROUTINE OF MYREN2. iSEE

FLOWCHART.)

INPUT

A) TABLES -

A 3-LOCATION TABLE, ARRANGED IN THE FOLLOWING

FORMAT -

=X
L (hViv I) AXp P

÷1 AY Y
p= p

*2 AZ = Z
P P

COMPONENT OF THE VELOCITY

INCREMENT, FLOATING POINT

FT/SEC

COMPONENT OF THE VELOCITY

INCREMENT, FLOATING POINT

FT/SEC

COMPONENT OF THE VELOCITY

INCREMENT, FLOATING POINT

FT/SEC

A 6-LOCATION TABLEI ARRANGED IN THE FOLLOWING

FORMAT -

L(r, v)AT

DEFINITION X, FLOATING POINT GEMINI LENGTH

OF PLATFORM)UNITS

+I Y, FLOATING POINT GEMINI LENGTH

UNITS

+2 Z, FLOATING POINT GEMINI LENGTH

UNITS

+3 X, FLOATING POINT GEMINI LENGTH

UNITS
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B)

C)

+4 Y, FLOATING POINT GEMINI VELOCITY

UNITS

+5 Z, FLOATING POINT GEMINI VELOCITY

UNITS

CONSTANTS -

KFS.VU K 0 CONVERTS FT/SEC TO GEMINI VELOCITY

UNITS, +.38556042E-4

SUEROUTINES -

LIBRARY SUBROUTINES U3VMAG AND U3XPRO ARE USED.

OUTPUT

A 3-LOCATICh TABLEt ARRANGED IN THE FOLLOWING FORMAT

- X COMPONENT OF THE VELOCITY
L( AVac c ) A Xac c

INCRErIENT, FLOATING POINT

GEMINI VELOCITY UNITS

+I AY Y COMPONENT OF THE VELOCITY
a.c c

INCREMENT, FLOATING POINT

GEMINI VELOCITY UNITS

+2 AZ Z COMPONENT OF THE VELOCITY
acc

INCREMENT, FLOATING POINT

GEMINI VELOCITY UNITS

METHOD

THE INERTIAL PLATFORM COORDINATE SYSTEM IS DEFINED

AS FOLLCWS -
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ZI_,

PX

=?xR
P P P

= -r
P

= _'x_
io

WHERE

r AND V DEFINE THE INERTIAL PLATFORM COORDINATE

SYSTEM AT A CERTAIN INSTANT.
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WHEN CCNTROL IS TRANSFREERED TO RUCIVI, THE CONTENTS OF

INDEX REGISTERS 1,2 AND 4 ARE SAVED.

NEXT, THE VECTORS %, Zp, and% ARE NORMALIZED, GIVING THE

FCLLCWING UNIT VECTDRS-

p - -_-_=

%k

x(zpi1p x 91 Zpj

Zpk

P

Xpj

Xpk

THEN _Vac c IS CCMPUTED, USING THE FOLLOWING EQUATIONS -

AXac c = K ° [(AXp)(%i)+ (ATfp)(Ypi)+ (AZp)(Zpi)]

A'Yac c : K ° [(Z_p)(Xpj)+ (A_p)(ypj)+ (A2ip)(Zpj)]

Aiac c = K ° [(_)(Xpk)+ (ATfp)(Ypk)+ (AT p)(Zpk)]

FINALLY, THE CONTENTS OF INDEX REGISTERS I,2, AND 4 ARE

RESTORED AND CfiNTRCL IS TRANSFERRED BACK TO MYREN2.
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USAGE

A) CALLING SEQUENCE -

TSX

PZE

PZE

ERROR

NORMAL

RUCIVIt4

L(AVIvI), , L(AVac c)

L |r_ v AT DEFINITION OF PLATFORM}

RETURN

RETURN

THIS IS A B-CORE PROGRAM WITH ALL STORAGE_ CONSTANTSt

AND SUBROUTINE LINKAGES IN A CORE, WHICH MEANS THE

ECC IS NORMALLY SET TO A CORE AND ICC SET TO B CORE.

THIS MINIMIZES THE NUMBER OF SEA AND SEB INSTRUC-

TIONS.

B) STORAGE REQUIRED |EXCLUDING SUBROUTINES U3VMAG

AND U3XPRO) -

A CORE - 30 LOCATIONS

B CORE - 68 LOCATIONS

C} TIMING {7094) - 1.983 MS {INCLUDING TIME RE-

qUIRED BY SUBROUTINES U3VMAG AND U3XPRO)°

D) ERROR CCNDITIONS - AN ERROR RETURN IS THE RESULT

OF AN ERROR RETURN FROM LIBRARY SUBROUTINE

U3VMAG.
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• 0,4
tHtIIHHHtH

RUCIVI

SAVE XR'S

QiIH.IttaH...
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.. ; ............. .. kx

_BO_.. x_SF:E EQUATIONS; ZPi =

•- :............. i
k z

Zpk = _-

oa.*wHiteHHe

mU3XPHO COMPUTE" t

V

e(r ,_ Ar I)EE'. •

: Of PLATI"OIIM) •
• INTO XI(I

H,,.oH,,ee,mt

• • I

U3VRAG •

CCMPUTE q •

RUCAI

° a

• U3VMAG

ECPPUTE r •

o*.°,,°.°.o...,

• • RUCER

• " " aYES .e,

" IS THERE AN • "_ El:

• ERRCR • •

_c

:,H.,..,H.°°_ y -rx
eSEE AI'g ACENT I pi

• EQIrATION_ • , r v
"t pj --

: ............. : r
r z

YpR

• U3XPROCOMPUTE .

• • RUCER RUCRR

• " " .YES ............... :.............:
JJJJ : RESTORE XR4 : e''•

• • IS THERE AN • ........ eC3i..Xe XH4_I INTO • .......... eO3*o.R: RESTORE XR4 :

ERROR • • " • XR4 " eee• _eeiee•e•eeeee_• e eeeeeeeeeeeeee_

_o

.••......•..e•. XpI (ix

: s_:E : q
• ADJACENT e

• EQUATION • Xpj qy

• ••u,••H,,m•o q

Xpk q z

............... X:

i

• RESTORE XRtS:
• 1,2

• 2'S COMPL. L • 2'S COMPL. L

_(& _IVI) INTO _ (& _acc)INTO

: X.l : x,_
aOH•W•HHH••

: ER,T :
• AtA •

: ............. : . " A+pYpl + AZp Zpl) INTO 0.2.SEE ADJACENT . Xacc = K0(AXp Xpi _

-"EQUATION :
tH•WHeIHH•_

.: o.R,0:.
CEMPbTE k

• 'ace ' . "' ' " INTO 1.2• SEE AI_IACENT• AY = K0(AXp Xpj A_P Yl$ + AZp Zpj)

: EQUATION •

•oe•o.oei.eee._

• * RUCER

• eVES ...

" IS T_ERE RN " ._ C3:

ERRGR ° • •

•H

RUCRX

: ............ .: ...
:SEE EQUATION :..._( 03:
• BELOW •

: ............. : ..-

_a('c K O (5XI,)_, k + 5ql,Ypk + aZpZpk) INTO 2, 2
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13. _YAPE3 - APOGEE-PERIGEE CONTROL PROCESSOR

INTEGRATED VALUES FOR APOGEE AND PERIGEE ARE COM-

PUTED UNDER THE PROGRAM CONTROL OF MYAPE3. AS USED

THROUGHOUT THIS PAPER, APOGEE IS DEFINED AS THE MAXIMUM

INERTIAL POSITION VECTOk OF THE ORBIT, AND PERIGEE AS THE

MINIMUM INERTIAL POSITI_]N VECTOR OF THE ORBIT. THE MAG-

NITUDES GF THE POSITION VECTORS ARE EXAMINED IN THE DERI-

VATION OF APOGEE-PERIGEE VALUES. THE FLOWCHART FOR

MYAPE3 IS SHOWN IN FLOWCHART. PROGRAM LOGIC FLOW IS AS

FOLLOWS -

USING THE INPUT R, V AND TIME, THE INTEGRATOR COM-

PUTES AN INITIAL GUESS FOR BOTH APOGEE AND PERIGEE, THE

GUESS CONTAINING AN UNCERTAINTY OF 2 MINUTES. SUBSEQUENT

PASSES THROUGH THE INTEGRATOR YIELD FINAL VALUES ACCURATE

TO THE NEAREST SECOND, THIS BEING DONE BY VARIANCE OF THE

INTEGRATION TIME STEP. IN ALL PASSES, THE POSITION VEC-

TOR MAGNITUDES GOVERN APOGEE-PERIGEE SELECTION.

PRINT 6UFFERS ARE THEN CONSTRUCTED WHICH CONTAIN THE

ORBITAL CHARACTERISTICS DERIVED FROM THE APUGEE AND PERI-

GEE VECTORS. MESSAGE QUEUES ARE GIVEN AND THE PROGRAM

EXITS TO MOPRIO.

INPUT

B-BIT TURNED ON BY MYOURI AND MYMINS

QUEUE RECEIVED FROM MYOURI

QUEUE WORD - A(LOC. OF INPUT VECTOR),_O

A) TABLES -

TMREFL

TMQKEY

TMWORK

CONTAINS PRESENT ORBIT-DEFINING VEC-

TOR

CONTAINS QUEUE INFORMATION

CONTAINS INTEGRATOR INPUT
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B) COMMUNICATION CELL -

MCMINS CONTAINS GMT IN FIXED MINUTES

OUTPUT

A)

B)

C)

COMMUNICATION CELLS -

MCPER COMPUTED ORBITAL PERIOD IN FLOATING

MINUTES

MCTAPG CONTAINS TIME OF APOGEE IN FIXED

SECONDS

MCTPER CONTAINS TIME UF PERIGEE IN FIXED

SECONDS

CONTAINS INTEGRATOR ERROR NUMBERMCNIAC

TABLES -

TMCLAS FIRST 7 LOCATIONS CONTAIN CLASSICAL

ELEMENTS OF PRESENT ORBIT VECTOR

TMAPG3 CONTAINS ORBITAL CHARACTERISTICS

BASED ON APOGEE VECTOR

TMPER3 CONTAINS ORBITAL CHARACTERISTICS

BASED ON PERIGEE VECTOR

TMORMC CONTAINS ORBIT, REENTRY DISPLAY

QUANTITIES

TPAPE3 CONTAINS MYAPE3 ERROR INFORMATION

QUEUES ARE GIVEN TO MYMESS FOR ON-LINE PRINTS.

METHOD

ENTRY TO MYAPE3 IS ACCOMPLISHED IN EITHER OF TWO

WAYS, CNE IS TO HAVE THE B-BIT TURNED ON DIRECTLY BY ANO-

THER PROGRAM AND THE OTHER IS TO HAVE THE B-BIT TURNED ON

AS A RESULT OF AN ENTRY IN MYAPE3'S QUEUE TABLE. THE

FIRST, OR NORMAL, ENTRY DIRECTS THE PROGRAM TO DETERMINE

APOGEE AND PERIGEE BASED ON THE PRESENT ORBIT-DEFINING

VECTOR, WHEREAS THE SECOND, OR QUEUED ENTRY, INDICATES AN
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APOGEE-PERIGEE DEFINITION RESULTING FROM A PROPOSED S/C

MANEUVER. VALUES CALCULATED FROM A QUEUED ENTRY ARE

PRINTED ON-LINE FOR VISUAL INTERPRETATION, BUT ARE NOT

FORMATTED FOR TRANSMISSION TO OTHER DISPLAY UNITS.

ONCE THE TYPE OF ENTRY HAS BEEN ESTABLISHED, AN IN-

DICATOR IS SET (Z=NORMAL, NZ=QUEUED), AND THE ADDRESS OF

THE INPUT VECTOR IS SAVED• OTHER INTEGRATOR USERS ARE H

SUPPRESSED TO PERMIT NOCPNI TO IoPROCESS TO COMPLETION o°

FOR EACH PARTICULAR ENTRY. A TIME TEST IS THEN MADE ON

THE INPUT VECTOR, IF IT IS OLDER THAN 30 MINUTE'S FROM

PRESENT TIME, AN ERROR EXIT IS TAKEN• IF THE VECTOR IS

VALID AND A NORMAL ENTRY IS INDICATED, A TSX IS MADE TO

PAODE (DESCRIBED LATER) TO CALCULATE THIS VECTOR'S ELE-

MENTS. THESE.ELEMENTS ARE PLACED IN THE BUFFER, TMCLAS_

FOR DISPLAY ON DOD MOD IT UNIT I OF THE EMDS. THE FIRST

7 LOCATIONS OF THIS TABLE ARE FORMATTED AS FOLLOWS -

LOCATION

TMCLAS

+4

+2

+3

+4

+5

+6

QUANTITY

TIME OF CLASSICAL ELEMENIS

TRUE ANOMALY

INCLINATION ANGLE

SEMI-MAJOR AXIS

ECCENTRICITY

ARGUMENT OF PERIGEE

UNITS

FL• SECS°

FL• R An

FL• RAD.

FL. N•M•

FL. RAD•

LONGITUDE OF ASCENDING NODE FLo RAD.

PREPARATION OF THE INTEGRATOR INPUT TABLE TO OBTAIN

THE FIRST-GUESS APOGEE-PERIGEE VECTORS IS NEXT FOR BOTH

TYPES OF ENTRIES. THE TABLE (TMWORK) IS FORMATTED AS

SUCH -
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LOCATION QUANTITY

TMWORK X COMPONENT OF POSITION VECTOR

+L Y COMPONENT OF POSITION VECTOR

+2 Z CCMPONENT OF POSITION VECTOR

+3 X COMPONENT OF VELOCITY VECTOR

+4 Y COMPONENT OF VELOCITY VECTOR

+5 Z CCMPONENT OF VELOCITY VECTOR

+6 TIME (FIXED SECS.)

+7 h = 2 MINUTES

+8 At B : 0

+9 _ = 2m$ WHERE - • = ORBITAL PERIOD

+10 A (LOC. 15 WORD BUFFER),,O

+II PZE O,ItO

+12 S/C WEIGHT (FL. LBS.)

+13 VALIDITY TIME (FL. POINT)

THE ABOVE MENTIONED VALIDITY TIME (PRESENT GMT+7 MINUTES)

IS A CONTROL FOR THE INTEGRATOR TO FACILITATE PROPER VEC-

TOR SELECTION. A VECTOR COMPUTED PRIOR TO THIS TIME IS

INVALID (IT DESCRIBES THE PRESENT APOGEE OR PERIGEE)t

THEREFORE THE ORBIT MUST BE INTEGRATED AHEAD FOR ANOTHER

PERIOD.

WHEN THE INPUT TABLE IS COMPLETEDt A QTSX IS MADE

TO NOCPNI TO GET THE FIRST-GUESS VECTORS. OUTPUT IS LO-

CATED IN THE INTERNAL TABLEt PAFIG.

L{JCAT ION

PAFIG X •

+I Y

+ 2 Z

+3 X

+4 ¥
Q

+5 Z

+6 TIME_

_UANITY

MAX IMUM R
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+7 X

+8 Y

+9 Z

+I0 X MINIMUM R

+11 ¥

+12 Z

+13 TIME_

+14 NZ= ORBIT IS TO0 CIRCULAR

A TYPE 9 INTEGRATION IS USED IN COMPUTING THE FIRST-GUESS

VECTORS. TH_ INTEGRATOR SEARCHES AHEAD AT THE INPUT TIME

INTERVAL (PRESENTLY 2 MINUTES) UNTIL IT ENCOUNTERS EITHER

A MAXIMUM OR MINIMUM /R/ . THE FIRST VECTOR BEYOND THE

STRADDLED /R/IS STORED IN THE OUTPUT BUFFER. IN SIMILAR

FASHION, THE VECTOR FOR THE OTHER APSIS IS COMPUTED AND

STORED. USING THIS DETERMINATION METHOD AND ASSUMING AN

ORBIT SYMMETRIC TO THE LINES OF APSIDES, THE MAXIMUM UN-

CERTAINTY TIME SHOULD NOT EXCEED 3 MINUTES.

IF THE VECTOR FOR EITHER APSIS CANNOT BE CALCULATED

(DUE TO VECTOR IMPACT), THE TIME IN THE OUTPUT BUFFER IS

SET MINUS. THE FIFTEENTH LOCATION UF THE OUTPUT TABLE IS

RESERVED AS AN ECCENTRICITY INDICATOR. IF, DURING THE

APOGEE-PERIGEE SEARCH, THE MAGNITUDES OF THREE CONSECU-

TIVE VECTORS ARE EQUAL, THIS LOCATION WILL BE SET NON

ZERO TO INDICATE THAT THE ORBIT IS TO{] CIRCULAR TO DETER-

MINE THE APSIS POINTS.

IF A FIRST-GUESS APOGEE VECTOR IS AVAILABLE, THIS

VECTOR IS TURNED OVER TO THE SUBROUTINE, PATTY, TO GET

THE REFINED APOGEE VECTOR.

CALLING SEQUENCE -

TSX PATTY,4

+1 PZE (INPUT),,O

+2 TRA ERROR _ETURN
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+3 NORMAL RETURN

IF THE SECOND WORD OF THE CALLING SEQUENCE IS PZE,

THE INPUT IS THE APOGEE VECTOR, IF MZE, THE INPUT IS THE

PERIGEE VECTOR. OUTPUT IS THE REQUESTED VECTOR LOCATED

IN TMWORK.

TMWORK, THE INTEGRATOR INPUT TABLE_ IS CONSTRUCTED

FOR A TYPE O INTEGRATION. THE REFINEMENT PROCESS RE-

QURES FIVE PASSES THROUGH THE INTEGRATOR TO OBTAIN AN

APSIS VECTOR OF I-SECOND ACCURACY. A 2-POWER METHOD OF

SELECTING TIME STEP, STORE CYCLE AND TOTAL DELTA INTERVAL

IS USED FOR THESE 5 PASSES.

TOTAL DELTA-INTERVAL STORE CYCLE TIME STEP

TOI SC TS

PASS I 1024 16 16

PASS 2 245 8 8

PASS 3 64 4 4

PASS 4 16 2 2

PASS 5 4 I I

NOTE - ALL TIMES ARE GIVEN IN SECONDS.

AFTER EACH INTEGRATOR PASS, THt OUTPUT TABLE OF 5

VECTORS IS INTERROGATED TO DETERMINE EITHER THE MINIMUM

OR THE MAXIMUM POSITION VECTOR, DEPENDING ON ENTRY TYPE.

THIS VECTOR IS THEN USED AS INPUT FOR THE NEXT PASS. ON

THE FIFTH AND FINAL PASS, THE VECTOR FROM THE OUTPUT

TABLE IS STORED INTO TMWORK AS THE SUBROUTINE OUTPUT.

WITH A NORMAL RETURN FROM PATTY, THE APOGEE VECTOR

IS GIVEN TO PATSU. THIS SUBROUTINE GENERATES THE PRINT

BUFFER OF ORBITAL CHARACTERISTICS DERIVED FROM THE APOGEE

VECTOR (TMAPG3).

LOCATION QUANTITY

TMAPG3 TIME OF APOGEE

÷I HEIGHT OF APOGEE

UNITS

FX. SECS.

FL. N.M.
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+2 SEMI-MAJOR AXIS FL. N.M.

+3 ORBITAL PERIOD FL. MINS.

+4 ECCENTRICITY

+5 LONGITUDE OF APOGEE FL. DEG.

+6 LATITUDE OF APOGEE FL. DEG.

+7 INCLINATION ANGLE FL. DEG.

+8 LONGITUDE ASCENDING NODE FL. DEG.

+9 ARGUMENT OF LATITUDE FL. DEG.

+10 ARGUMENT OF PERIGEE FL. DEG.

+11 MEAN ANOMALY FL. DEG.

+I2 ECCENTRIC ANOMALY FL. DEG.

+i3 TRUE ANOMALY FL. DEG.

MYMESS IS THEN GIVEN A QUEUE TO PRINT THIS BLOCK OF DATA

ON-LINE.

PROGRAM LOGIC IS NOW EXECUTED TO FIND THE REFINED

PERIGEE VECTOR. WITH THE FIRST-GUESS VECTOR, IF AVAIL-

ABLE, A TSX IS MADE TO PATTY. USING THE METHOD PREVIOUS-

LY EXPLAINED, A REFINED PERIGEE VECTOR BECOMES THE SUB-

ROUTINE OUTPUT.

PATSU TAKES THE VECTOR AND GENERATES THE PRINT BUF-

FER OF CRBITAL CHARACTERISTICS DERIVED FROM THE PERIGEE

VECTOR (TMPEK3).

LOCATION QUANTITY UNITS

TMPER3 TIME OF PERIGEE FX. SECS.

+I HEIGHT OF PERIGEE FL. N. M.

+2 SEMI-MAJOR AXIS FL. N. M.

+3 ORBITAL PERIOD FL. MINS.

+4 ECCENTRICITY

+5 LONGITUDE OF PERIGEE FL. DEG.

+6 LATITUDE OF PERIGEE FL. DEG.

+7 INCLINATION ANGLE FL. DEG.

+8 LONGITUDE ASCENDING NODE FL. DEG.
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+9 ARGUME__T OF LATITUDE

+I0 ARGUMENT OF PERIGEE

+ii MEAN ANOMALY

+12 ECCENTRIC ANOMALY

+13 TRUE ANOMALY

EL. DEG.

FL. DEG.

FL. DEG.

FL. DEG.

FL. OEG.

A GUEUE IS GIVEN MYMESS TO PI{INT ON-LINE THIS DATA

BUFFER. NOCPNI USERS HAVE THEIR H _ITS TURNED OFF AND

MYAPb3 EXITS TO MOPRIO.

PAODE IS A SUB_(]UTINE USED TO CALCULATE ORBITAL

ELEMENTS FRI]M AN INPUT R, V AND TIN_.

CALLING SEQUENCE -

TSX PAOOE,4

+I PZE (INPUT),,(OUTPUT)

+2 PZE (R VECTOR),,(V VECTOR)

+3 TRA ERROR RETURN

+4 NORMAL _ETURN

TMCLAS, TMAPG3, AND TMPER3 ARE ALL BUILT USING THE

QUANTITIES CONPUTEO 8Y PAE)DE.

AS FOLLOWS -

LOCATION _UANTITY

OUTPUT SEMI-MAJOR AXIS

+I GR_ITAL PERIOD

+2 ECCENTRICITY

+3 INCLINATICN ANGLE

+4 LONGITUDE ASCENDING NODE

+5 ARGUPENT CF LATITUOE

+6 AR(;U_ENT CF PERIGEE

+7 MEAN ANOMALY

+d ECCENT,_IC ANUMALY

+9 TRUE ANOMALY

÷I0 TIME SINCE PERIGEE

+It TI_E OF NEXT PERIGEE

TH_ OUTPUT TABLE FORMAT IS

UNI TS

EL. N. M.

FL. MINS.

FL. KAD.

FL. RAD.

FL. RAO.

FL. RAD.

FL. RAD.

FL. RAD.

FL. RAD.

FIXED SECS.

FIXED SECS.
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+IzTIMEOF .EXTAPOGEE

_:QUATIONSUSEDBYPAOIE

IRI2 = X2 + y2÷ Z2

fv[2 = _2 + i_2 + _2

R'V = XX+ YY+ ZZ

I. SEMI-MAJOR AXIS (A)

a -- I_I
1 - e cos E

WHERE

cosE = I_1I_ 12- 1

2. ORBITAL PERIOIXT)

T = k 1 2wa 3/2

FIXED SECS.

WHERE

kI = CONVERSICN FACTOR (GTU/MIN)

3. ECCENTRICITY (E}

e = Me sin E) 2 + (e cos E) 2
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WHERE

e sin E -
R.V

4. ECCENTRIC N4OMALY (E}

:_ [esin_E1
e cos E)

WHERE

0 MEAN ANOMALY (M)

M = E - esinE

6, TIME SINCE PERIGEE (T)

~ Ma 3T = k I /2

7. TIME OF PERIGEE (Tp)

Tp to + T - T

WHERE

tO = present time

8. TIME OF APOGEE (Ta)

T
= T + -

Ta p- 2
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WHERE-

9. INCLINATION ANGLE (I)

i = sin -I Y

h = RxV

10. LONGITUDE OF ASCENDING NODE (_)

= tan-1 _.hA

\%/

Ii. TRUE A,_CMALY (u)

e cos E - e2_

t2. AR,SUME_qT OF LATITUDE (p)

u = tan -1 /yhZkhTxh )
x y

13. ARGUMI_NT OF PEklGEE {w)

03 = U - P

735



VOL Ill REAL TIME PROCESSORS PART II - ORBIT/REENTRY

MYAPE3 ERROR CODES -

55 - INPUT VECTOR OLDER THAN 30 MINUTES

70 - LIBRARY SUBROUTINE ERROR

75 - OR£1T IS TO0 CIRCULAR

85 - INPUT VECTOR IMPACTED

> I00 - INTEGRATOR ERROR

USAGE -

A)

B}

C}

ENTRY FROM ANO EXIT TO M_}PKIO

COMMUNICATIONS CELLS -

MCMINS MCTPER

MCPER. MCNIAC

MCTAPG

TABLES -

TMNMSK TMREEL TMPER3

TMFMSK TMWORK TMORMC

TMQKEY TMCLAS TPAPE3

TMPRIO T_APG3

D} CONSTANTS -

KO0030 KO0002

KCH233 KOOI.O

KO0007 KOO.MH

KO0006 KO060.

KO0060 KO02.0

KM7777 KRTDEG

KCGUNM KOOOOt

KK_2PI K00085
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E) MACROS -

TRNON WUEUE

TRNOF UNQUE

QENHZ QTSX

QENBA

F) PARAMETERS -

A_B,H MNMUV7

MNCOTO MNLIF8

MNGURI MNDIC9

MNREN2 MNFPPK
i

MNAPE3 MNCPNI

MNTTF4 MNMESS

MNNAV5 MNBBNI

MNGMT6

G) SUHROUTINE -

VMAG U3XPR

SQRT ARSIN

U3DOT A3MSCP

ATNAB GEMWGT

H) STORAGE REQUIRED -

600 LOCATIONS
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,mmlt,ot,tiH,•

: ENTE_ :
• MYAPE3 •

•_m,m_°two_°,o,.•

T_NQN A

MNAPE) •
•o

•e•IH••eHtIO•"

° °

• °

" °NO

• 1S THIS A • .......................

QUEUE[) ENTRY •

_LS

l•••m•t,,•o,°°.

m •.

•,,,Ioot•,•Io_

.,•••t•••••i,tt• I

• UNQUE MNAPF_ •

• PASEL •

"•O•Ht•HI,*Oj* j

• •°°••te••t_mtm, I _iti,Qee,o•e••_

i INDICATE •_bNHA NORMAL LNTRY•
i 0 INTO PAHLAm

"•..............• _......,......

_,•,••°•,•o•°,_ •••ooImQ..ml_••••

i [NUICAIF A •
_UEUED ENTRYm °" TRNOF B •

STL INTU • • MNAP_$ •

• PAI_LA • • •
eHH•I,e...•°_ •elOOJ.,.,,••••

:...._i._...: :'_[_'_:'_;:
• At)DRESS L)F • oPR[SENT URfiIIl

, I ..... E ..... - DEFINING "

• USING UUFUE , __VECTOR AS
WhRL) • INPUT

i :

i

° •_H•

i NPIJT ADL)K :..._ Be •
INI{I PAVUtJ • •13c_

n
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• • * T_NON H "- * • °

• R_ * MNCOTO MNOUBI ° *CO°X OLNBZ **

• *. ° MN_AVB * ,-

°DOnX QTSX MNCP_I
• * * PAQQO **

_NG_T6 _'_VVl • * BUFFER CONP *
• * M'_LI_:_ _DICq " * CLASSICAL •

• _FPPR * *ELEMENT_ INTO*
• * * FMCLAS *

°*°*,,**,**.°°* ****,°,,**,****

o

• IqITIALIZE *

IMPACT ERROR* ** QENBA
RFTURN *

PARD PAUSE

• _OFFH_ IMPACIm
° V_CTqR INTO * *CB*..X* SETUP INPUT

• TMWORK * • * "TO INTEGRATURI

:.............: ,* :..............

PAEXL
• * * , 1.*****.****..

• .+oo+o\_. -+ES.... _ _ +,.+O+_WO,_+B
• mcmns-mo " ._ Bo'- 'h+2MIN

. >tOFVEC, , * -74B* AtB=O
• *ll A t F =2* PERIOD

• **...*...HH..

PAUSE

* * °YES 1** * l*'°***l****•**l

• _UEUED ENIRY *X C3- ** TSX GEMWGIPABLA NOT=O * * IS/C WFIGHT) i

_0

: FLOAT I .... i ! S/C WEIGHT !INTO
TIME TMWORK+L2

PAEX7

• • " " .v_s :.-..
• INTEGRATIO_ IX BB •

ERROR • ,TAB*
• •,•m

_o

IMPACT RETUR_ *x OR*

x

NORMAL ENTRY • ........

PABLA=O •

_ES

:*•-.•*°***•--:

_0 INTO MCIAPG *+

l

.× .................

PAEX5

TO_ YES .*•••• "IS ORBIT •

• CIRCULAR. *x B_ -
PAFIG÷I_ • •TA_l

• NOT=O • *•*•

• NO

PAEXB

• GOT APOGEE •NO **••**

* EST, .X g_ •
PAFIG+6:+ * •743*

_ES

• VALIDITY TIME* •
• ISX PAODE • INIO -...X OO:

1• •• * TMWORK+I) _ • ºl• •

TSX PATTY •
• (COMP. APOGEE •

VECTOR(

• •YES •*••

IS THIS AN *_ B1 •

ERROR •TAB•

ORBITAL
• PERIO0 INTO :..._ CO-

MCPER _ ...*

* • PAEX6

• •YES •**•

• • ERROR RETURN * 1_ BIt•

_1A3*

TSX PATSU
• (SETUP APOGEE *•_ BO •

PRINT BUFFER) * •TAO*

• ..•w
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• • • • PAEX_

:** • • *N_ ••. • • *YEs• *••*• •

• _0 • N_RMAL ENTRY * ....... •CU*X ERROR R_:TU_;_ *X BL *

• * PABLA=O * •* * • • •743•

_'ES

i .......iAPDGF_ INTt)

_x .................

x
*••••*****•••*•

•*•*•*.**•.°.••

• • . • **°°

.•**•°°••°*•*°*••

TSX P4I_U •• ISEIUP
PERIGEE PRI_Pl

• tUFIIR *

NORMAL ENTHY+ * ........
PABLA=u *

•*••*•••*••••••**

uutu_ MmPESS °
AP+)neF

• VLCTUR) •
1••**.**.,*•°o*

.•*****••*•••**•.

• +[NR_ •

.•°.•.,.,•.•**•

*••••••••°**•*.

HGT OF PE RIG EH

INTO TMORMC

OF PERIGEE
INTO TMORMC+9

•••••**°*••*•**

.X .................

: 0.... :

• I(LSET IMPACT_
• tR_DR RFTUKNS*

•*•**°**•****•.

•*••••••••i*••••,

• QUEUE MNMtSS •
• PAMSS •

•*•1*•*•••*••**

• °

° * * • •N(] * ••*••••**•HIt•

NOI<MAL ENTRY. • ........ • (_E NbA
PAI_LA=O • * 1•

• * ••.11•.••1•.••,••

• _ES

CHAR, DERIVE(]

Fr[)M PERIGEE
VECTOR

_0 INTO MCTPER_

.X .................

• * * • PAEXn

• GUT PE_IGEEeN_ 11**
• EST, *_ mA•*

PXFIG÷[]-+ • *743•

• _FS

*PABMG

.....;;_;._ .... .
MNCOT(II

MNOURL,
* MN_EN2, **

• MNTTF4, *

.*****••*•**••••.

* MNNAV5 MNGMT6 *
• MNMUV7 MNLIE8

• MNDIC@ .1

TSX PATTY *
• ICI)MP PFRIGEt *0_ COt

VLCTtIR) * *

"NFPPR **_ DB_

*DB•X TRNOE A
• • • MNAPE3 *

• EXIT

• mOPmlO
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**.•°****••**e*

i ENTER
PA_TY

.°•°***°•*****•

****

*BO*..X_ OUTPUT TABLE_

USING VMAC *

** _•**••...•.,..o

THIS
SUBROUTINE

USES THE
FIRST GUESS

APOGEE OR

• SAVE XR4 A_D*
*INPUT AODKESS•

°

* * • •NO _ ..... ** ...... :

• APOGEE * ° .............. X_ SET MAG.* CDMPAR&IOR

_ETERMINAIION * _ INF. INTOPAMMM

* ***************

_Es

PERIGEE

VECTOR AND

REFINES IT TO

AN ACCURACY

•el*°°°•*°*°°•*

• DETERMINE *
: BUFFER INPUT ° ; ............. : ...............

._ . .... i M*N'.... iR, V INTO C(JMP&RATUR O* VECTOR AND

TMWORK INTO PAMMM * PLACE INTO

;*,o•*ee•****•:

• i INTC b

_°°*ee.l.****•:

• DETERMINE MAX*

* R VECTOR AND* ........................ X.

• PEACE INTO *

TMWORK
*******eHIH**

.*t. *GET A 2 POWER*

:A,:..x:_;_?OTI_E :
"" :._1_;:._I;:L:

**.**,Hi•HH•

* CYCLE AND

• INTFRVAL SPANm

H*...°*.o°.**.

: COMPUTETI.E:
iTkG OF VEOTORo

e

• IS l=I

_o

• YES *****q***-*•**-

• ..... X_ EXIT •

• TRA 3,4

•*•***••**•••*•

••.**e.e•*e••*•

• *°

• _ QTSX MNCPNI

PAQUE .•

**•***e*e•****e

: _=_-z ....; A4:

• * PAEXT

• eYES ,el*

• * INTEG. ERROR • *_ B3*I

•. . * :_:_*

PAEXR

• * • eYES *•1•

• I_PACT ERROR i °_ B4I•

• -7_3l
• H*•

_0

• CALCULATE • • *
• MAGNITUDE OFI...X BO*

• THE 5 VECTORS• • °
• IN • ***

74I
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**mJ,J*,***,i*, **=t=*o*.e=olm* SUNROUTINE IS

• * USED TO

COMPUTE ENtEk _ CONXTRUCT THE
(J_[TAL CHAR- • PATSU . APOGEE

,**,*.,,*****e• _CTERISTICS •*.mmo*e**t*m** PEROGEE

° SAVE XH,S

....,°,o--..,

• SAVE XRR - PRINT BUFFERS

,--°.,,.,.*°*.*

, CCMP. FGL. •

• _UA_I. I. °

• 5EMI-_AJI]R °
• AxIS 2. *

PLF'ICD:.............:

SET UPEFFECTIVE

*TABLE AODRESS*

_,°*°.*,,°•°*°_

ECCE_IRILIIY•

ANt]M%LY •

--*°*.*,o.**.,

FLOAT VECTOr*TIME •

• TIMF SINCF
9EHIOtt

a*.***.*°-*°.°*.

• * TSX PADOE (Al

VECTOR TIMF} •

*j__.o_m._**I

NEXt PLRIGL[

°°o.°**..o.*,*.

• PAEX9

• * " * oVES •t*,

• F..........

;o

ELEMENTS AT
VECTOR TIRE

_°°°.°°°°°•°o°_

i B. TIME eF
NFXT PER]GEE•

o*••.•*•*•t*..•

**CONVERT ANGLES IN MS(].

*TO DEG, STORE PPJNT

• COMPUTED ELEMENTS BUFFER

• ° • *NO •• _**°***'*'**•*:

• " C(JNTINuE * . ........ _BT_..x: RtsTORe xr's_
PROCESSING * * • •

;es

:--'Z_;:';?': ...............
INCLINATIONANGLE_o. : : _xtr :

TRA _,4 •
LONG _ • •t*••••,••••*,,

• ASCENOINO

----°--•.o.--o•

TSX A_RSLP
(CORP.) *•

PAEX9

• " " .YES .**, -. _***" .... " ....

• ERROR REIURN • *_ BS"• *DB_,.W_ RESTORE XR4

• • * :I:_" ".* : :

°..°.•*..•.**•

• ANOMALY • • •

=12,kRG nF LATt...X BIo

I3,ARG OF • •PERIGEE _ *_*

: CONVERt iQOANI. ANO :.o._ De: EXll :

STORE INTO • TRA Z,_ •PRINT BLOCK _ **e *°e•e*e_••..•o•
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PAEXl PAEX2

.-.-!.............! .-..!.............!
*BOt..X*E_RDR CODE 55- ........... ICOI..Xt PLACE C(XRTIo

. * * INTO XR7 • * * IINTO TAPE 5+I I

°** _H*t,Q****°**_ ** ******,******t_

PAEX4 PAEX2

.... : .*". :.............:
_BIm..X_EK_OK CODE 70 .... X CO* _SET UP RETUKN_

• ADDRESS •

1... : IN_. x_E : **... :.............:
º****.,°,,H***

PAEX5 PAEX2

:". : : .'*'. .- •
°BZ ..XIER_DK CODE T_,o..X CO" QENBZ *"

*,
• * - INTO XRI • • • •

PAEX7 PAEX2
*Hie*******.*.

:83_..x: Ct,CN_C_ :..._ CO: ** QU_E.NRESS *
• ° * INTO XR7 .* ***.* *. PAE]FLIR **

ERROR MESSAGE

PAEXB PAEX2

*** * * *** ***''*******°**.

:AJ..×:ER_ORCODE 8_:..._CO: * Q_NBA
• * * INTO XK7 * * ! *

PAEX9 PAEX2

_BS*.IX:ERRDR CODE 85°...x CO-
• * * INTO XR7 * • *

* t * IYES ..l...lilm..oii i

. ISER_O_COOEi..............! ...._*''

* •NO **,IiiiieIiiiii

• RETURN TO
PROCESSING i ............ X_ EXIT

• CIXRTI • i PABMG

• I=/LT 5OQ • leel..eeiI*meIe

_ES

X
****.***t******

• TRA 11_ •



VCL Ill REAL TIrE PI_OCESSORS PART I( - OAE_IT/RE_NTRY

14. MYTTF4 - TI_E-TO-FIRE CONTROL PROCESSOR

MYTTF4, USING SUBROUTINES R6ESTF AND R5RARF COM-

PUTES GMTRC (GREENWICH-MEAN-TIME OF RETROFIRE COMPUTED),

GMTRB (GREENWICH-MEAN-TIME TO REVERSE BANK ANGLE) AND

BANK ANGLE, PLUS OTHER ASSOCIATED QUANTITIES BASED ON

VARIOUS MANEUVER REFLECTED VECTORS, AND STORES FOR DIS-

PLAY AND ON-LINE PRINT THE APPROPRIATE VALID RESULTS.

(SEE FLOWCHARTS)

INPUT

A) QUEUE WORD - PREFIX CONTAINS AN INDICATION OF

THE TYPE OF RECOVERY AREA -

÷0 STORED PRIMARY AREA, SPA

-0 STORED CONTIGENCY AREA, SCA

+I MANUAL PRIMARY AREA, MPA

-I MANUAL CONTINGENCY AREA, MCA

DECREMENT CONTAINS THE LANDING REVOLUTION NUMBER

(FIXED POINT INTEGER) OF THE RECOVERY AREA (TARGET).

ADDRESS CONTAINS THE LOCATION UF A 4-WORD TABLE

CONTAINING THE FOLLOWING FLOATING POINT _UANTITIES IN

THIS ORDER -

Xr

B

_V

LONGITUDE OF THE TARGET (POSITION

RADIANS)

LATITUDE OF THE TARGET (RADIANS)

BANK ANGLE TO BE USED (DEGREE)

DELTA VELOCITY TO BE USED IN THE PRE-

RETRO OAMS BURN. (FT/SEC)
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B) TABLES -

TMREFL- MANEUVER-REFLECTED VECTOR TABLE.

TABLE OF VECTORS IN THE FOLLOWING FORMAT -

X

COMPONENTS OF POSITION AND VELOCITY

APRN

VECTORS IN FLOATING POINT GEMINI UNITS

TIME TAG OF THE VECTOR IN FIXED POINT

SECONDS

ANCHOR POINT REVOLUTION NUMBER OF THE

VECTOR

THE FIRST VECTOR IN THIS TABLE DEFINES THE

LATEST CRBIT IN THE COMPUTER. SUBSEQUENT VECTORS

DEFINE THOSE ORBITS OBTAINED FROM INTERGRATING

THROUGH ALL MANEUVERS IN THE MANEUVER TABLE.

TMANUV J_,_uvcA ,,,:_LE. _N, AINS ,D^D^UET;D_,..,,_._,. THAT

DEFINE ALL PLANNED MANEUVERS FROM CUR-

RENT GMT TO 22 ORBITS AHEAD, IN THIS

FORMAT. GMTPS (GMT OF PROPULSION

SETTING), GMTPC (GMT OF PROPULSION COM-

PLETION), T (THRUSTER INDICATOR, 0 FORE,

1 AFT) IN DECREMENT AND At (DURATION OF

BURN) IN ADDRESS, PITCH ANGLE, YAW

ANGLE. ALL TIMES FIXED PT. SECS, AND ALL

ANGLES FLOATING PT. RADIANS.
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TMCAPE

TMETTF

TMRORF

TNREEP

TMIMPP

162-LOCATION TABLE ALLOWING AT MOST 23

CAPE KENNEDY VECTORS. THE FIRST WORD

CONTAINS THE ORBIT NUMBER OF THE FIRST

VECTOR IN ITS ADI)RESS AND THE ORBIT

NUMBER OF THE LAST VECTOR IN ITS DECRE-

MENT. VECTORS ARE STORED x, y, z, x, Y, _, t.

I-WORD TABLE CONTAINING THE ESTIMATED

TIME-TO-FIRE RETROROCKETS, OUTPUT OF

R6ESTF, IN FIXED PT. SECS.

OUTPUT TABLE OF RbRARF, CONTAINING

GMTRC, GMTR6, 6, GMTIR (GMT TO INITIATE

ROLL), BI (BANK ANGLE ASSOCIATED WITH

GMTIR), ZERI] LIFT AND FULL LIFT IMPACT

POINTS, AND MISSED DISTANCE.

TABLE CONTAINING TIMES AT bEGINNING AND

END OF BLACKOUT, VELOCITY AND FLIGHT-

PATH ANGLE AT 350,G00 FT., GMI AND SUB-

CAPSULE LATITUDE AHO LONGITUUE AT

400,000 FT.

TABLE CONTAINING TI_E, LATITUDE AND

LONGITUDE AT IOtO00 FT. SET UP BY THE

INTEGRATOR.

TMBLST TABLE SET UP BY RSt_ARF AND CONTAINING IN

ITS FIRST 6 LOCATIONS, THE ×, Y, z, _, y,

AT GMTRC.

TOSCCH S/C CHARACTERISTIC TABLE. SECO_D WORD

COF_TAINS THE THEUST LEVEL, FOURTH WORD

MASS EXPULSION RARE, EIGHTH WORD THE

CANT ANGLE OF ALL THE AFT THRUSTERS, AND

THE THIRTEE_TH WUR_ CONTAIHS TIIE TIME

FRO_ i0,000 FT. TO I_PACT.
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C) COMMUNICATION CELLS -

MCMANC CONTAINS NUMBER OF MANEUVERS IN MANEUVER

TABLE.

MCGTLO CONTAINS FIXED PI. TIME OF LIFT-OFF.

MCUNCR SUM OF THE UNCERTAINTY IN TIME TWO

GMTRC IS POSSIBLE FOR SAME TARGET PLUS

UNCERTAINTY IN ESTIMATED TIME-TO-FIRE.

MCUNC2 SUM OF UNCERTAINTY IN ESTIMATED TIME-TO-

FIRE PLUS VALUE FOR INTERPOLATION.

MCUNC3 UNCERTAINTY IN TIME TWO GMTRC'S PDS-

SIBLE.

MCVPER VACUUM PERIGEE OF FIRST VECTOR IN TABLE

TMREFL, IN NAUTICAL MILES.

MCHFSC CURRENT GMT, IN FIXED PT. HALF-SECONDS_

MCMINS CURRENT GMT, IN FIXED PT. MINUTES.

KAVGDP AVERAGE TIME BETWEEN PRIMARY AREAS.

KAVGDT AVERAGE TIME BETWEEN CONTINGENCY AREAS.

D) CONSTANTS -

_UUUUO KO I ,_A£ou,

KO0001 K00360

KO0000 KOOOP3

KO0060 K00024

KO80.O KO0016

KO0007 KO0002

KCH233 K86400

KO0005 K.B2GU

KO0009 KO0003

KO0030 K00105

KRTDEG KO02.0
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E) SYSTEMSUBROUTINES-

R5RARF COMPUTESGMTRC, GMTRB, B, GMTIRt BI
R6ESTF COMPUTESAN ESTIMATED GMTRCTO BIT THE

DESIRED TARGET.

BEMWGT COMPUTESS/C WEIGHT

NOCPNI INTEGRATORIS USED AS A SUBROUTINEBY

USING QTSX.

F) LIBRARY SUBROUTINES-

BB_COS
BB_SIN

BATNA6

G) MACROS-

QTSX

QENBZ

QENBA

QUEUE

UNQUE

TRNCN

TRNOF

OUTPUT

A) TABLES -

TMORMC A 33-WORD TABLE CONTAINING ORBIT AND RE-

ENTRY OUTPUT QUANTITIES FOR THE DIGITAL

DISPLAYS AND PLOTBGARDS. DURING ORBIT,

THE 19TH THROUGH 25TH WORDS ARE SET UP

BY MYTTF4. {SEE 050RMC OR O00RRE FOR THE

FORMAT.)

TMYMES A 27-WORD TABLE OF INPUT TO THE ON-LINE

MESSAGE ROUTINE {FORMAT IN MYMESS WRITE-

UP.)
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B)

TMCPVC A 17-WORD INPUT TABLE TO THE INTEGRATOR

FOR CAPE VECTORS. FORMAT SAME AS TMBBNI.

(SEE MPCPNI.)

TMGTRC A 17-WORD INPUT TABLE TO THE INTEGRATOR

FOR TTF ORBIT TABLE. FORMAT SAME AS

TMBBNI.

TDCAPR DCS INPUT BLOCK FOR THE AUTOMATIC PRE-

RETRO LOAD, IN THIS ORDER - XtYtZtXtYvZ.

GMTRC, GMTRB, BI, @T' _T"

TDCMPR DCS INPUT BLOCK FOR THE MANUAL PRE-RETRO
#

LOAD, SAME FORMAT AS TDCAPR.

TMROWT ONE WORD CONTAINING ORBIT WEIGHT FOR

RSRARF IN FLOATING PT. LBS.

TMETTY ONE WORD CONTAINING ESTIMATED TTF IN

FLOATING PT. SECS FOR RSRARF.

TMDELT ONE WORD CONTAINING THE DURATION OF THE

PRE-RETRO BURN.

TMDVHP TWO WORDS CONTAINING AV AND VACUUM

vtKIGEE HEI(_nT '< THE u,_-u_"' ,,,E PRINT.

TMDCSV CONTAINS 6 COMPONENTS OF THE VECTOR AT

GMTRC FOR THE E)CS UPDATES.

COMMUNICATIONS CELLS -

MCGEOC GEOCENTRIC LATITUDE FOR ON-LINE PRINT

MCTYPE CONTAINS THE QUEUE WORD, AS EXPLAINED IN

A) IN INPUT SECTION.

MCRECA CONTAINS INFORMATION FOR THE RECOVERY

AREA DIGITAL DISPLAY FOR THE SCA.

MCRECP SAME AS MCRECA FOR THE SPA.

MCXXXX CELL SET BY MYTTF4 TO CURRENT GMT PLUS

TWO MINUTES, SO FHAT MYMINS WILL DELAY

QUEUING MYQNEA TO CHECK FOR AUTOMATIC

UPDATE OF SCA.
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MCYYYYY SAME AS MCXXXX FOR MYQPRA AND SPA.

MCTNEA CONTAINS TIME-OF-FIRING THE PRE-RETRO

OAMS FOR THE CURRENTLY DISPLAYED SCA.

MCTSPA SAME AS MCTNEA FOR THE SPA.

MCNOGT IF THERE IS AN ERROR IN COMPUTING GMTRC

FOR THE SCA, THIS CELL CONTAINS CURRENT

GMT PLUS AN AVERAGE TIME BETWEEN CON-

TIGENCY AREAS.

MCERRP SAME AS MCNOGT FOR THE SPA.

KBNKLE CONTAINS THE BANK ANGLE FOR R5RARF TO

USE FOR EACH TARGET.

METHOD

MYTTF4 IS QUEUED BY MYQPRA, MYQNEA, AND MFMNI3 TO

CALCULATE AND DISPLAY GMTRC AND OTHER QUANTITIES FOR

STORED PRIMARY AREAS, STORED CONTINGENCY AREAS AND MAN-

UALLY INSERTED AREAS, RESPECTIVELY. THE FIRST MANEUVER-

REFLECTING VECTOR IS SELECTED AND, UNLESS THE TARGET IS

MORE THAN ONE REVOLUTION AWAY AND THERE IS AN INTERVENING

BURN MORE THAN ONE REVOLUTION AWAY, THIS VECTOR IS IN-

TEGRATED UP TO THE REVOLUTION THAT THE TARGET IS IN, AND

CAPE VECTORS STORED.

THE CAPE VECTDR IN THE TARGET'S REVOLUTION IS USED

TO COMPUTE AN ESTIMATED TIME-TO-FIRE TO HIT THE TARGET,

AND IF THIS FIRST GUESS IS VALID (THAT IS, THE ORBIT

THAT IT IS BASED ON HAS A GMTRC POSSIBLE SUCH THAT THE

RETROFIRE TIME IS LATER THAN THE PREVIOUS PROPULSION

COMPLETION AND PRIOR TO THE NEXT PROPULSION INITIATION)

AN ORBIT TABLE OF STORED VECTORS IS GENERATED SUR-

ROUNDING THE ESTIMATED TIME-TO-FIRE. THEN CONTROL IS
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GIVEN TO R5RARF, WHICH PROCEEDS WITH THE MATHEMATICAL

CALCULATION NECESSARY TO PRODUCE GMTRC, GMTRB AND BANK

ANGLE. IF THE GMTRC IS VALID (AS IN THE ESTIMATED TIME-

TO-FIRE) IT IS DISPLAYED AND THE ASSOCIATED OUTPUT

WRITTEN ON-LINE. ALSO, THE DCS PRE-RETRO LOAD IS QUEUED

TO BE FORMATTED.

IF THE GMTRC IS INVALID, OR IF THE VALID GMTRC IS

WITHIN FIVE MINUTES OF A PROPULSION SETTING, AND IF

THERE ARE ADDITIONAL MANEUVER-REFLECTING VECTORS IN

TMREFL, THEN THE NEXT SUCH VECTOR IS SELECTED AND THE

CYCLE REPEATED.

USAGE

STORAGE REQUIRED -

TIMING -

697 LDCATIDNS

MAXIMUM .228 MS + (2.850 MS + R6

+ RS) IN +I) WHERE R6 IS THE

TIME REQUIRED TO EXECUTE R6ESTF

AND R5 IS THE TIME REQUIRED TO

EXECUTE °_°ARF_-. N .TS THP_ NIIMBER_

OF MANEUVERS IN THE MANEUVER

TABLE.
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• TMYMES GMT *...X DOe
• 400K • • •
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*w* • QUEUE MNMESS *

_AO*.* GKDVH PRINT
• * ° AV AND HGT OF
*** • PERIGEE *

°*•**••*°*°•***

GK_2

: ............. : ...
• *** * LRN, H INI0 * •
• C0*..X*TUORMC*25 FO_°...X Ol_

• ° *RFCOVERY A_EA* • *
• • * DISPLAY * **.

MCP, MPA

•.°..•,***•*m*°

" bNAbL_ I,(ZPS *"

° *

•*.*•.•.*°*.•o•

GK42

•, :_;_*T_'):: ..*
• * * H_) TO • • •
• CI*..Xm TMOKMC+I_ m...X OTt

• e*" _ FSTRC Tu _ * •
TMORMC÷I_ e*e

*•*.*°*HHm**O

°
• • x• : ............. :

.

Is GKS_ =O ° .............. X" O INIC GKSW

." : :
. . **....******H.

• _ES

ME_FLY
PRINTING

BLOCK AFTER

RSRARF _RROR

OK43

• *•* *0 INTO MCNOGT*

*02*.*X'GMT +2 MINS

GK2b

• •YE_ *-••

IS K : (_ *x L) *

*7q_*
• ° *•**

£

IS THIS SAPA • .......• TAI<GET A •

w_

INr0 hCYYYY

• _',K 3 U
°

• *YES _****

• BGTI-I °X C_ •
• •758*

° *.**

• Nf_ •*•**•

.......... x* D5 e

• T58•

OK22

Ld_t _[SPLAY

2rwg TTF FUR

SAME TARGtT

SETUP TM_)_,)

TU ('RIV_

_IS_'L_YS

i .........itSIRC TO

T_j_VC+ZI
•.••.*••**•o.•*

MCA, RPAe SEA

• TRNOF G FOR -

MNQENA ..

• GMTOC INT0 •

oMCTNEA MCRECA_

INTO TMORMC+25 NAME OF

CONTINGENCYAREA FOR

• DISPLAY •

.•.*•°°•**-*•.*°.

°* TRNUF G FCR

_,'_CPRA

•**•••••*•.•**•

*bM_LC (MOO 2G*

HK) I:qTb •

i TMtJR_C+22 •_ INTO •
• IP .****••

SET UP DLS

INPUTS

OK42 • • OK2[

• •e° ° IS THIS Y_S • •

• DI*X TARGET SCA OR •X C3 •
• ° • MCA * *758•

i G_TL.C °nil •UCTSPA FIX_{'.

StCS/Z •

***••*******•••
*TMORMC * 23

**XI]p, INTO TMORMC

* + 24 (RAD)

TMBLST HAS R,

V VECTORS &J

GMTKO
i MOVE VECTOR e

FROM TMBLST :..._ A0 •

INT0 TMDCSV • -758•

..... . ....... _ ....

• 0 INIC MCERRP:..._ CI:

.•.*.•..•..*...

• OK43

• " • •YES •••

• * ° °

IS THIS •X D2*
T_qA;tT A SCA • •

• _O ...X• CO•
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**°.****.**..**

_°'* * t CONV. GEODETIC
LAT. TO GEOCENTRIC

_A0 ,° 61 : TAN -1 (+ 99330680 x TAN O)
• o° *

**o,•m,H,,,,,,

*

• °vt_ ,.*, *. *'**''• ........ :

IS tHIS a>. ,x ,t • *,_l*..x, T_D_(.V INIFJ •

trrl_r • •I'_9• • • • Tl,C_,_ Gr, TRC*
•,*° ,* ° I_.tt; I:>C _Pa+_ '-

• • . *•*•o,•H*°•°*,

i

.°•.••**.*****°

• GMTRB INTO TDCMPR

*'+_ ***** _÷ 7, B A INTO TDCMPR

°

° IS THIS oX I_| •

...
°..••°°°°•°**H

YES

TARGET IS _PA

..• •''*°'*°'°°°••°'.

• C2•X ENA_CI •

• , •••.•,******,.°i

: ............. : i:_'_o%W_n++
* T_USCv lint(: * _°_T° TC(LAPI< GWTptC° INTOTDCMPR _ 10
• lqTl' TDCAp_+6-
• •*oo*°°°.,•*o. ***,°*°.**..*H

GK21 • GK22

,**" * * *NU• *'*"

H, * * • ,*,

.*.•°•••*•.°**°
* GMTRB INTO TDCAPR + 7

: B_ INTO TDCAI)R + 8

"* OT INTO TDCAPII + 9

A T INTO TDCAPR + l0

_*°°°•*•,•***-_

pZL T_DSI i
INTG GKDCs

5K_5

" "-------i':_'I_:;+b_v.... ...... ............... •
AT INTO TDCAPR + I0 °_°x• • • D l S^_l[ • •

_.Ho.°....•°.. *" o.•°H.**.,m•.*"

GK_5

:'Si_'_h_'_#;": ...
: INTO GKDCS, :...[ t15:

• DCS QUEUE •

• WORD * • * •
H.*•,,°HH,H

, "IS " ,

• GMTOC ,NO wCUNC I IS

* GT/ GM_PS ° UNCERI. IN

-MCUNC3 I . • ....... TIMk 2 TIF
POSSI_ NOW %

• PINS

• °

YtS

x

..X* * l+l INTH I " * • • ° "°...x CJ* *D5 • IS K = 0 •x m5 •
• * • • • • • • • ° •7'+9-

l

GK2)

,..°.•*,.,**•*•

:11* ** TRNOF H FOR 1•

*D6 • MNCOTO,

MNREN2,

• _U£UB MNMESS •
TO PRINT

l

*.2_._ E +T ..'"

w ° MNAPE3, *, '

MNMUV?, .*
• MNNAV5 ,

• ANU K AND V •
• VLCIOR GIVEN
• Trl DSC *

..*..el•.•*.•..

• + QUEUt MNPDCS +1_ 521

WITH GKDCS • • •

• MNGMTO MNLIFB
MNOIC9 MNTABU ""

SNFPDR

1• TRNOF F FOR •1_ A0 ll

MNLIFB * 1159•



*** **.*.**e.e.*.*..

eAOee m TRNOF A FOR e

• • • MNTTF4

eli "*******H.I* • l, _
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GKERT

... : ............. :
:CO•o.X: 7 INTO XRI :

**• • •
*********•etol*

MORE THAN I05
MINS OF TTF
ORBIT TABLE

REQUESTED

.***,*,e******,

EXIT
MOPKIO

DISABLE e

GRERI GKPRE

:A2e..X: I INTO XRI ** • *
• ...X B2•

• * * * * *

GKER2 GKPRT
**••*•**e***e**

:A3"..x:2 INTOXR_:*...X"D2-"

TARGET 22 OR

MORE ORBITS
AWAY

NO CAPE

VECTOR AT

THIS LRN

X

• QUEUE MNMESS
TO PRINT e*

ERROR IN

MYTTF4_ NO IS •••

.H..•••.•.•.•.

*

e* ENABLE *•

e..e•.e•.•.***••*

GKPRT

:O2:..X: XRI INTO :

* • * GKMSG *

.* : ............. :

• GKERL ERROR e

LOGIC-SET • *
ERROR CELLS

GKER3

... : ............. :
_A4"..X_ 3 INTO GKNSG*

• • • AC INTO GKAC*

*-- :.............:

.*•e.e**..•*.*•

UISABLE *

• * GUEUE MN_ESS *•

• TO PRINT
ERROR IN

• MYTTF_ NG IS3 *•

ERROR IN

ESTIMATED TTE
COMPUTATION

GKER4 GKPRT
*+****.1.***.**

:'% : ....

e GK30

* * * *YES ***•

IS B GTI-| e_ C5••
• •758*

• . _o 1****
.......... X• D5 *

•T58•

GK22

NO VALID TTF

TO DISPLAY

FOR THIS

TARGET

t• OISABL£ *

OK23

.**_:'A_A_I'_'. ....
PRNT. ERROR • • •

• IN MYTTF6 _X D6 •
NO.- FR. * •758*

• GKRSG • eeee
eeee•eeeeeeeeee

GKER5 GKPRT
*,HH••O*•Ht*

1* ** ••* • • *••ENABLE :BTe..x:_ INTOXRl :..._o2:

•............... . :.." _.............

ERROR IN

GEODETIC TO
GEO CENT LAT

CONVERSION

GKq9

• * *N_ :****
• IS GKAE = 0 *x A9 e

• • *754-

• * _ES

• GK30 GKER_ GKPRT

• • • eYES *e•• me• --;•ee•eemeeeee*_ eee

• " is B GTI-I "*iC_'- :B_'..X: _INTO XR1L.._O_:
" . " :I_* :.," : : ...

:._ ...... R: os'.
•758-

GK22

759

ERROR IN
CONVERTING
DELTA V IO

DELTA 1



GKPKL
... : ............. :
• * °AC I_T_ GK_S?*
• AO ..X° AC EUNTA[h_ °

• * ° R5 E_BOR NO °
lie *

*,*ee,.e**o,°*°
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*e*.e,e***,***,

• ENTER ERROR LOGIC

SUBROUTINE• MYTTF4 *

** OISAbLE Z*

o

,,,,o*o,°°,,.*.°

_UEUE MNMLSS °
*" TO PRINT •

ERROR IN
• RSBARF -"

o• ERWOR NC. - *

FROM GKMS2 m
• •

GKERL

eYES
• VALID TTF FA.

I$ K = O • ....... EARLY VEC.
• OONOT SET

ERR. CELLS

° • . *

• NO

° *YES iioiaHi•Ieit**

• !IS IAKGET MCA " ............ X• EXIT
OR MPA • NORMAL RETURN

• • •••**•*,**•*,•*

- _o

• G_26

• • •*•**º•••mmeH•* e*NO

IS TARGET l • ............ X TRNOF G FOR

SPA • MYQNEA •

• . • * •HIIe,H•*•*H

• _ES

• • ENABLE

_klO

:, c ,_TO O,S_:...; OJ.
• ,7_5•

: ............. : ....

*•*••'•••**'••'•, • " eND

• TRNOF O FOR • * IS MCNOGI - O * .......
MYUPRA •

°
Ite_olleelelogte i I

KAVGOT IS

AVERAGE TIME

BETWEEN

PRIMARY AREAS

• • •NO

• IS MCERRP = 0 • * .......

YES

:.............: .......!.......

GMT IN MINS
PLus RAVGU,: ...............x: ExIT :
INTO MCNDGI NORMAL RETURN •

_**••**•**wH•_ *•••**HH,HH

o

:.............: ......._.......

GMT IN MINS iPEVS KAUGDP _ ............... X_ EXIT
• INTU MCERKP • • NORMAL RETURN

_.Ho..***..,._ *°°*°'*'*°°°'*"
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,•°•****•*.**•°

ENTER _ DELTA V TODELTA T

MYTIF4 SUBROUTINE
*mom,•.t•H.•**

DELTA V IN EL

PT ETISEC IN

AC

GKOET

SAVE XR4 •

_•************_ SI[NCE THIS IS FOR

MDELTAV INTO_ THE PRE-RETRO BURN,
GRDM2 * USE CONSTANTS FOR

AFT THRUSTERS

°°i'_V_o;_,'_": M_NTO_cc. _3
• + GKI)M2 INTO • AND INTO TOSCCH + 7

• GKDM2 • (CANT ANGLE) T INTO

m•H••om•i*Hel

• * *YES

IS GKDM2 = 0 • .......

TOSCCH +1

GRAVITY ACC

• h DELTAV •
• GKDM2 INTO AC*

• DELTA T IN El*

• PT SECS •
••lmlimei•••••o

: RESTORE XR_ :

• AND INCREMENT*

• IT BY I •

••.i•o••••***•o

RESTORE XR4 * i EXIT

_ ERROR RETURN****•*toi•iH•*

• E:Z_T TRA2,4 *

(NORMAL RETUR_ •
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15. MYNAV5 - ORBIT NAVIGATION VECTOR FOR DCS

MYNAV5 GENERATES THE MANEUVER-REFLECTED ORBIT

NAVIGATIGN VECTOR AND QUEUES THE DIGITAL COMMAND SYSTEM

LOAD PROGRAM, WHICH WILL FORMAT AND TRANSMIT IT. (SEE

FLOWCHART)

INPUT

A)

B)

C)

QUEUE WORD

TABLES -

TMREFL

CONTAINS GMTRC {GMT OF FUNCTION

COMPUTED) IN FIXED POINT SECONDS

MANEUVER-REFLECTED VECTOR TABLE

(SEE MYTTF4 FOR FORMAT.)

TMANUV MANEUVER TABLE (SEE MYTTF4 FOR

FORMAT.)

TNINTG TABLE OF VECTORS SET UP BY

NOCPNI IN ITS STANDARD OUTPUT

FORMAT.

TNLAST TABLE CONTAINING ONE VECTOR_ THE

LAST ONE WHILE INTEGRATING, IN

THE NOCPNI FGRMAT FOR INTE-

GRATING WITHOUT STORING.

COMMUNICATION CELLS -

MCHFSC CURRENT GMT IN FIXED POINT HALF-

SECONDS.

MCMANC NUMBER UF MANEUVERS IN MANEUVER

TABLE.
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OUTPUT

A)

D) CONSTANTS -

K21OOM KO0100

KOOO05 KO0004

KO00O8 KO0001

KO0060 KTO001

E) SYSTEM SUBROUTINES

GEMWGT COMPUTES SPACECRAFT WEIGHT.

UINTP LAGRANGE INTERPOLATOR.

F) MACROS -

QTSX QENBA

QUEUE TRNON

QENBZ TRNOF

TMONAV

B) TDCSON

C) TMDCON

TABLE CONTAINING THE INPUT TO NOCPNI IN

THE STANDARD INTEGRATOR FORMAT. [SEE

MPCPNI FOR FORMAT.)

THE INPUT BLOCK TO OOPDCS FOR ORBIT

NAVIGATION TYPF rick UPDATES, CONSISTING

OF X,YtZ,_,_,_ AND T IN INERTIAL COOR-

DINATES, GEMINI UNITS.

I-WORD INPUT LOCATION FOR MPPDCS CON-

TAINING THE CODE {1) IN THE DECREMENT,

INDICATING GENERATE TRANSLATION AND

LOAD, AND THE TYPE (I) IN THE ADDRESS,

INDICATING ORBIT NAVIGATION UPDATE.

METHOD

MYNAV5 .IS QUEUED BY MFMNIT, UPON MANUAL INSERTION OF

A REQUESTED GMTFC |GMT OF FUNCTION COMPUTED). AT THIS

TIME IT IS REQUIRED TO FIND THE CORRESPONDING POSITION

AND VELOCITY VECTORS, TAKING PLANNED MANEUVERS INTO
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ACCOUNT. THE MANEUVER-REFLECTING VECTOR THAT LIES IM-

MEDIATELY BEFORE THIS GMTFC IS SELECTED FOR THE ANCHOR

POINT FOR THE INTEGRATOr. IF THIS VECTOR IS WITHIN IOO

MINUTES OF GMTFC, IT IS INTEGRATED DIRECTLY 4 MINUTES

BEYOND GMTFC IN I-MINUTE STEPS.

IF THIS VECTOR IS NOT wITHIN I00 MINUTES, WE FIRST

INTEGRATE NEAR GMTFC IN 2-MINUTE STEPS WITHOUT STORINGv

THEN INTEGRATE IN I-MINUTE STEPS, 4-MINUTES EITHER S.IDE

OF GMTFC. WE THEN INTERPOLATE IN THE N.I. OUTPUT TABLE,

TNINIG, F(]R THE VECTOR AT GMTFC At_D STORE THIS IN TDCSON,

THE ORBIT NAVIGATION VECTOR INPUT BLOCK FOR THE DCS

PROGRAM. MPPDCS IS QUEUED BY THIS INPUT AND THE VECTOR

COMPONENTS ARE PRINTED ON-LINE.

USAGE

STORAGE REQUIRED -

178 LOCATIONS
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................ " .vEs .. V•;;_;;•;;_':
i••• • • • • g VECTOR FROM •

_ •BOtX IS GMTFC LT • •CO•..Xg TRREFL STORE•ENTER

MOPRIC • • • GMTPS I • • • INTO TNDNAV,•
• **•HH.•***•• •* • ** * ,,. ,46. •

_o

GDER3

."..............• • " •YES.... :_GZ;;;Z;•;;_:
• • * * * TAG OF

• • TRNSN A FOR IS GMTEC LT *X C3 * •VEETORtT I BY_

• .w,us _MTPEI . - :_- :_o,NS_, IN.

_o

GDB

*TURN H FOR . MVTTF4 :'**•'**•*••**_ *•* •

._COTO, MYOUB1, • MryGMT6 I = I+I :...1 A9: *:: GEMWT GET SIC •*• MYREN2, MYAPE3 ••MYMUV7 _ WEIGHT

• MYLIF8 **°**•**,•,••**** •**
*•'*•'*****••*• MYDIC9 i_o_mollooDml

MYTABU

MYFPPR

**o*********•*** _****•*******•_

** • • STORE WEIGHT*
• DISABLE ALL • • INTO Q

*• TRAPS •* * TMONAV*I2 **

••°••**••.,•••.

UNUUEUE INTO m.

• GDTFC, GMIFC •

• IN FIXES PT •

SEES

.

m •

ENAgLE FDR •

TKAPS .•

IlJJJlllJlJllJt

GMTFC BEHIND
• CURRENT TIME

• *YES

IS GMT GT

• GMTFC •

GMTFC 22

ORBITS AWAY

GDERI
• *HH**HH••*•

• YES _ SET UP MSG. _ GMTFC BEHI_TO* • IS GMT - •
GMTFE CT 2100 • .............. X° NO. 286 WHICH• REAL TIME OR

M I N PRINTS • 22 ORBITS AWAY

! TDCSON+6 !CONVERT TO

• MINS, SECS

FOR INTERPOL.

100 MINS IN LENGTH

• X • OF TNDNTG GO9

, *GMTFC-ti •YES • "

• • GT100 MINS , • ............ X *

_o

• *NO

IS GMTFS-

ODD . tie * ........

• " '_E_

GDUTS

:;_VC_'_._'"': ....
• INPUT IN • • j *

• TMONAV TBLE_ •T66•

eat B = 4 MINS, • *'*•

tF = I GMTFC - ti I +

4, h = 1 MIN.

: GNTFC'LtiT ÷! ....
*...XAO*
* *766,

_INTO DE AtF• *•e*

• : :'".
*GNTFC-'tr INTO*...X AO •

• DEL_'A t * e/66s

i 111NTC......I-1 _ •:fiB**'* * DIS .... :*

B INTO MCMANC

NO. OF BITRNS IN MAN. TABLE

GO8 * • GD_ GDEXT

• YES ***

:A_:X ° IS B I-[ • °i CO: •" UUEUE "SG • 1"•••
= ROUTINE •X B3 -

• e * * • • • &PPKOPRIATE * •Ibb•

....... . - ._._.* ....

.......... Xm B0*

.*•
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... :_V_'_'_': ..." .............. .
4 • _ OF N.L II_TPUT._DO_ T STORE_BO_X* OISABLE
_A0.''X•0 INTO

*e* h = 2 MINS. TNLAST FOR ••*•••****•**••••,AtB ' _OUTPUT, ****

LAST VECTOR

,•**•*•****°*•••.

• QTSX NNCPNI •
* WITH THCNAV

• AS INPUT *•

• qUEUE MPPDCS •

WITH WORD *
• • CONTAINING

• TRDCON •

GDER2

1_';;'_'_: ....
*••_ Z87. ' NO • •
*cI...x_ *..._ B8 •VECTOR IN

TABLE FROW • •T65•
*• • INTERP' • e•**

•H*eH••*••*••

• GDER_

• *YES ••• ••••*••**••**•*••

• . . : OOEOE.SO:• IS THERE AN •_ C5• • g0UTINE TO •

ERROR PRINT ORBIT

• *• • NAY VECTOR •

m

GDEXT X GDER3

:_'N'_'_": .... _&_v_'_;_'.. :.............: ....
_ANDT FROM • h = 1MIN. • • •MYCOT0 MYOUR1 • MYTTF4 •••• ISET UP RSG ND• • *

• •B3 • MYRE_ MYAPE3 *MTGMT6 *C3 *.X•288 - 'VELTO_I...X B_ •

.TNL_T AND _tI3=At F = _••* •• ' '•* MYNV7 • • •OCCURS DURING• .765•
ISTOP_INTO *•• • ITH BURN 0 • o•*•

TMONA_. 4 MIN. •••••••••••o**• MYLIF8 ••••••••••*•,••
MYDIC9

MYTABU

MYFPPR

GDQTS

:A_'..x:STOREOUTPUT:
• • * INTO TNINTG •

•.. :.............:

• TRNOF A FOR *•

RYNAV5

OBTAIN SLrRROUNDING

GMTFC GOE_

• ••.*H••••HH• •*•*°°.•HO•••* _•*••••°•°H•°_ •••*
• QTSX MNCPNI •• • * •*•*• ERRDR RETURN• * •

Q WIIH TMGNAV ! • EXIT • •CS•..X• FROM INTEG •...X BB •

• AS INPUT • • MUPR[D • • • MSG NU 2B9 • •765"
• "•••••'•'••*•• *• • PRINTS THIS • ••••

.••**•.••.•oH• •••••H•m**t*H

• • UDER4

• • " •YES •**

• IS THERE AN * •_ C5_
ERROR • • *

_o

GOINT

• "* "" "_7_ '_V.... .

_ INTERPOL. IN •• TN_r'I'G GFOR VEC. •

• AT GMTFC, STORE_
I_ TDC_ON

• • GDFR2

• * * •Yt_ •*•

@

IS THERE AN * •_ CI•

ERgOR

N_

• ° °

_o i INID A _ *...x 1,01(TMUCCNI



VOL lit REAL TIME PROCESSORS PART IT - ORBIT/REENTRY

16. MYGMT6 - CALCULATE GMT

THE PURPOSE OF THE PROGRAM IS TO CALCULATE A GMT FOR

GIVEN LCNGITUDE AND LANDING REVOLUTION NUMBER . ISEE

FLOWCHART,)

INPUT

A) SU6ROUTINE -

A3MSCP

B) PRUGRA_S -

GEMWGT

MPCPNI

C) CONSTANTS -

KO0001 KO0060

KO0002 KO0007

KO0008 KO01.O

K060.O K095.0

KO0005 KO0003

KO0004 KO0006

KCH233 KLCAPE

D) IABLES -

TMREFL X

+I Y

+2 Z

+3 .X

+6 TIME

+7 ANCHOR POINT REVOLUTION NUMBER
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TJKINT - A 17-LOCATION TABLE CORRESPONDING TO

TMBBNI (INPUT TABLE FOR INTEGRATOR)

TMANUV GMTPS - TIME TO INITIATE THE MANEUVER

+1 GMTPC - TIME OF COMPLETION OF MANEUVER

+2 A(_T) ,,D(THRUSTER INDICATOR)

+3 PITCH

+4 YAW

E) SYSTEM MACROS -

QENBA

UNQUE

QEWBA

QTSX

QUEUE

F) COMMUNICATION CELLS -

MCMANC CONTAINS THE NUMBER OF MANEUVERS TO

BE PERFORMED

G) INPUT CELL -

JKINP A(ADDRESS OF DESIRED LONGITUDE)t,

D(LANDING REVOLUTION NUMBER)

H) CONDITIONS ON ENTRY -

NO PREREQUISITES

OUTPUT

THE GMT AT THE DESIRED LONGITUDE AND LANDING REVOLU-

TION NUMBER IS PRINTED ON LINE.

TMCAPE CAPE VECTOR STORAGE AREA TABLE

METHOD

THE PROPER MANUEVER REFLECTING VECTOR IS SELECTED

FROM TMREFL. THIS VECTOR IS USED TO INITIALIZE THE INTE-

GRATOR AND FROM THIS POINT CAPE VECTORS ARE GENERATED UP

TO THE REQUESTED LANDING REVOLUTION NUMBER MINUS ONE (I).
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THE INTEGRATOR IS THEN INITIALIZED TO SEARCH FOR THE

DESIRED LONGITUDE AT WHICH POINT THE TIME THIS LONGITUDE

IS REACHED IS PRINTED ON LINE.

USAGE

MYGMT6 IS QUEUED BY MANUAL INSERTION AND NORMALLY

EXITS TO MOPRIO.

A) STORAGE REQUIRED -

407 LOCATIONS USED FOR THE FOLLOWING -

l) 346 INSTRUCTIONS

2) 14 CONSTANTS

3) 47 CELLS

B} ERROR CODES -

I = REQUESTED LANDING REVOLUTION NUMBER GREATER

THAN 23

2 = ERROR IN INTEGRATION

3 = IMPACT DURING INTEGRATION

4 = NOT ENOUGH CAPE VECTORS IN TABLE

5 = ERROR iN A3MSCP
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17. MYMUV7 - MANEUVER PARAMETER CUMPUTATION CONTROL

PROCESSOR

MYMUV7 PROVIDES THE CONTROL LOGIC NECESSARY TO COM-

PUTE THE PARAMETERS NEEOED TO PERFORM PRESCRIBED ORBITAL

SPACECRAFT MANEUVERS. THIS INCLUDES THE SELECTION OF THE

PROPER MANEUVER REFLECTING VECTOR FO_ INTEGRATION UP TO

THE PREDETERMINED TIME TO INITIATE THE MANEUVER, THE ON-

LINE PRINTING AND DISPLAYING ON THE PROPULSION PANEL OF

THE COMPUTED PARAMETERS, AND THE ON-LINE PRINTING OF ANY

ERROR NUM6ERS WHICH MAY ARISE DURING THE COURSE OF THE

PROGRAM. (SEE FLOWCHART.)

INPUT

A) SUBROUTINES -

VOMANV

GEMWGT

B) PROGRAMS -

MPCPNI

MOPRIO

C) CONSTANTS -

K02000

KOOI20

K8ONMI

KOO.PI

KO0002

D) TABLES -

TMREFL

KO0060 KO0008

KO0000 KO0001

KO0030 K.1RAD

KKK2PI K86400

KO0003

TMANUV

DEFINED Ir_ PROGRAM OESCRIPTION FOR

GVMMRE

DEFINED IN PROGKAhI DESCRIPTION FOR

GVMMRF
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E}

F)

TIPROP

TUMANV

TXINTK

TMORMC

TMUVTK

MACROS -

_UEUE

QTSX

TRNON

TRNOF

QENBZ

QENBA

DEFINED IN VOMANV

N. I. INPUT BUFFER

N. I. OUTPUT BUFFER

PROPULSION PANEL DISPLAY BUFFER

ON-LINE PRINT BUFFER

COMMUNICATION CELLS -

MCMANC NUMBER OF MANEUVERS

MCVPER VACUUM PERIGEE OF CURRENT ORBIT DEFIN-

ING VECTORS

OUTPUT

THE CALCULATED PITCH, YAW, TIME TO INITIATE IHE

MANEUVER, AT, ANB AV ARE PRINTED ON-LINE AND DISPLAYED

ON THE PROPULSION PANEL.

METHOD

THE PROPER MANEUVER REFLECTING VECTOR IS CHOSEN

FROM TMREFL. THIS VECTOR IS USED IN INITIATING INTEGRA-

TION UP TO THE TIME TO INITIATE THE MANEUVER. THE

RESULTANT VECTOR FROM THIS INTEGRATION IS THEN USED IN

THE SUBROUTINE VOMANV WHICH ACTUALLY CALCULATES THE

MANEUVER PARAMETERS. CONTROL'IS THEN RETURNED TO

MYMUV7 AND THE COMPUTED QUANTITIES ARE PRINTED ON-LINE

AND DISPLAYED ON THE PROPULSION. ERROR NUMBERS COULD

ALSG BE PRINTED AT THIS TIME IF ANY ERROR CONDITION HAD
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ARISEN. CONTROL IS THE!_ RETURNED TO MOPRIO.

USAGE

MYMUV7 IS QUEUED BY MAfqUAL INSERTION AND NORMALLY

EXITS TO MOPRIO.

A) STORAGE REQUIRED -

253 LOCATIONS

B) ERROR CCDES -

I. INTEGRATION ERROR OR MANEUVER REQUEST MORE THAN

_e

3.

15.

18.

20,,

22 ORBIIS AWAY.

MANEUVER REqUeSTED DURING PLANNED BURN

GMTM IS LESS THAN THE TIME OF INITIAL VECTOR IN

TMREFL

_V =0

LOOPING ERROR - NO CONVERGENCE

TIME ERROR FROM INTEGRATOR
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•*,**.********.
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• • • SET _TF= TC •

_Ao...x_ GMTM-TI, h *

H**°••te•HH*

* RETRN

* * • * *YES .**
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18. MYLIF8 - REVOLUTION CAPABILITY MONITOR CONTROL

PROCESSUR

MYLIF8 IS USED TO PROVIDE AN ESTIMATE OF THE REVO-

LUTION CAPABILITY OF AN EARTH-ORBITING SPACECRAFT BASED

UPON AN INPUT TIME AND A POSITION AND VELOCITY VECTOR.

THIS CAPABILITY IS DETERMINED IN CONJIJNCTION WITH THREE

PARAMETERS, LIFETIME DENSITY FACTOR, REVOLUTION LIMIT AND

IMPACT ALTITUI)E. THE DENSITY FACTOR ESTABLISHES THE AT-

MOSPHERIC DRAG CHARACTERISTICS, REVOLUTION LIMIT PROVIDES

A BCUND FOR USE AS A CAPABILITY VERIFIER AND IMPACT

ALTITUDE SETS A LIMIT BELOW WHICH THE SENSUOUS ATMOSPHERE

RAPIDLY DECAYS THE ORBITAL TRAJECTORY. WITH THIS INFOR-

MATION, THE INPUT ORBIT IS INTEGRATED FORWARD UNTIL IT

EITHER REACHES THE REVOLUTION LIMIT OR THE IMPACT AL-

TITUDE. THE RESULTS ARE THEN FORMATTED FOR OUTPUT TO THE

APPROPRIATE DISPLAY UNITS. (SEE FLOWCHART)

INPUT

THE B BIT IS TURNED ON BY MYOURI AND MFMNIO.

A) TABLES -

TMGRBD

B)

TIORAG

CONTAINING THE PRESENT ORBIT

DEFINING VECTOR

CONTAINING LIFETIME PARAMETERS

COMMUNICATION CELLS -

MCOWGT CONTAINING PRESENT S/C WEIGHT

OUTPUT

A) TABLES -

TMCAPB ADDRESS CONTAINS REVOLUTION

NUMBER OF INPUT VECTOR. DECRE-
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TMORMC+I5

TPLIF8

MENT CONTAINS REVOLUTION NUMBER

OF LAST GENERATED CAPE VECTOR.

CONTAINS COMPUTED REVOLUTION

CAPABILITY

USED FOR PRINTING ERROR INFOR-

MATION

B) COMMUNICATION CELL -

MCNIAC CONTAINS ERROR NUMBER IN EVENT

OF AN INTEGRATOR ERROR

C) ERROR CONDITION -

MYMESS IS QUEUED WITH AN ERROR MESSAGE IN EVENT

OF A PROGRAM ERROR.

MYMESS IS QUEUED WITH A MESSAGE STATING THE INTE-

GRATED REVOLUTION CAPABILITY.

METHOD

UPON PROGRAM ENTRY, ALL OTHER INTEGRATOR USERS ARE H

SUPPRESSED AND TMORBO IS SET UP AS INPUT TO THE INTE-

GRATOR. A QTSX IS THEN MADE TO THE INTEGRATOR INDICATING

A TYPE NUMBER 5 INTEGRATION. WHEN COMPLETED, OUTPUT CELLS

ARE UPDATED FOR DISPLAY AND MYMESS IS QUEUED FOR AN ON-

LINE PRINT. THE H SUPPRESSED ROUTINES ARE RELEASED AND

CONTROL RETURNS TO MOPRIO.

IN THE EVENT OF AN INTEGRATOR ERROR, MYMESS IS

QUEUED TO PRINT ON-LINE THE ROUTINE NAME AND THE ERROR

CODE.

IN DETERMINING REVOLUTION CAPABILITY, THE COWELL'S

DOUBLE-PRECISION INTEGRATOR, WITH A TWO-MINUTE STEP SIZE,

IS USED. CAPE VECTORS ARE COUNTED UNTIL EITHER THE RE-

QUESTED LIMIT IS REACHED OR IMPACT OCCURS. THE OUTPUT

INFORMATION IS THEN PLACED INTO TMCAPB.
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USAGE

ENTRY FROM AND EXIT TO MOPRIO

MYLIF8 USES -

A) COMMUNICATION CELLS -

MCWOGT

MCNIAC

B) TABLES -

TMCRBD

TIDRAG

TMORMC

TMCAPB

TPLIF8

C) MACROS -

TRNON

TRNOF

QTSX

_ENBZ

QENBA

QUEUE

D) PARAMETERS -

MNCOTO MNMUV7

MNOURI MNLIF8

MNREN2 MNDIC9

MNAPE3 MNCPNI

MNTTF4 MNMESS

MNNAV5 MNBBNI

MNGMT6 At B, H

E) STORAGE REQUIRE[) - 60 LOCATIONS
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• " * ,YES ; ............. :

oCO•X IS THERE A_ • .............. x e ERROR NO. •

• ••• • EKRDR • •INTO TPL IF8÷|•

• i • • :emo•ttJ,tt••*•

_o
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• MYL[F_ •

e* *•
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• •e• _ CALCULATE •

•CI•..X• KEVOLU[IUN i• • • CAPABILITY

,i • (TMCAP_)

• UPDATE -
• DISPLAY CELL.•
• TMO_MC ÷X_ •

• QENBZ *

*• QUEUE MNMESS ee

• OLERR IMYLIF8 •

• WITH ERROR
CODE) ee

• TWNDF B •

• MNLIFB •
• QENBA :•

fRNDN HMNCOIO MNOUR] *
• MNREN2 MNAPE3

QUEUE MNMESS Z•

• OLMES

OLC

. e•.•o•etee--•J•
• • •t TRN OF H ee

• 04•X MNCDTO MNOUR] •
• • • MNREN2 MNAPE3 •

OLC

• .--------•*--•• toeoo•o.tli.o•
o ° ! a •e°• a:MNT*........ :• MNGMI6 MNMUV7 • _ENBA •X D4o

MNDIC_ • • •

• " MNTTF6 MNNIV5 "•

• MNGMT6 MNMUVT
• MNOIC9 -|

!RE....*ION!LIMIT INTO
TMURBD÷9

• * TRNOF k •

MNLIF8

i CURKENT S)CWEIGHT INTO i
TMURRD*|Z

: EXIT :

• ROPRIO •

••.•°.--°°•--••

QTSX MNCPNI •
_JL_UE

...,....•,.•.•.

IMPAC[ RETURN .X Ct-

• _(} .'•'•

.......... x• CO•
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I9. MYOIC9 - DIFFERENTIAL COORECTION MONITOR CONTROLLER

MYDIC9 INITIATES CONTROL FUNCTIONS FOR NOCPNI WHEN

DIFFERENTIAL CORRECTION REQUIRES THE NEED OF A VECTOR OR

A TABLE OF VECTORS. (SEE FLOWCHART.)

INPUT

INPUT CONSISTS OF A UNQUEUE WORD.

OUTPUT

OUTPUT CONSISTS OF A QUEUE GIVEN TO THE NUMERICAL

INTEGRATORt NOCPNI.

METHOD

SEE FLOW CHART.

USAGE

A)

B)

C)

D)

MYDIC9 ENTERS FROM AND EXIT TO MOPRIO

MACROS

TRNON

TRNOF

QENBZ

QUEUE

UNQUE

TABLE -

TNPRIO

PARAMETERS -

A

H

MNCOTO

MNOURI
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E)

MNREN2

MNAPE3

MNTTF4

MNNAV5

MNGMT6

MNMUV7

MNLIF8

MNDIC9

MNFPPR

MNCPNI

STOARGE REQUIRED - 21 LOCATIONS
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.••*.....•al•••

i ENTER :
NYOIC9

mme••l•--w•H.•

•••••'••••••••***e

• • TRNON A t

MNDICq •

*eomooioo*•*••*

• TRNON H •
*MNCOTO NNOUR|e
mMNREN2 NNAPE]e

eNNTTF6 NNNAVSe
• NNGNT6 NNNUVTe
• RNLIF9 MNFPPRo

eelee•I•Oeeeeee

.o.....o••o.•••o

e[ QENBZ

• ••eH•.eoe•H•• •

X
•.•*He•el•e••1

° °

• uNCurl;NO,C9 .
• e

ee*H=.eoeeH•e

• NNCPNI •

QUEU_BI

TRNOF A
• HUNOIC9 ! i

: Ex. :
• NOPRIO •

eleaee•ee*to*ee
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20. MYQPRA - MONITOR QUEUE NEXT PRIMARY AREA PROCESSOR

MYQPRA QUEUES MYTTF4 TO INITIATE A TIME-TO-FIRE

RETRO COMPUTATION FOR THE NEXT PRIMARY AREA IN THE TABLE.

(SEE FLOWCHART)

INPUT

A) TABLES -

TMLMPT TABLE OF LONGITUDES AND LATITUDES OF ALL

PRIMARY RECOVERY AREAS_ STORED SUC-

CESSIVELY IN RADIANS, LONGITUDES BETWEEN

0 AND 2_ .

TMPLON TABLE ASSOCIATED WITH TMLMPTt CONTAINING

THE REVOLUTION NUMBER OF THE PRIMARY

AREA IN THE DECREMENTt AND SOME IDENTI-

FYING NUMBER IN THAT REVOLUTION IN THE

ADDRESS.

TMDELV TABLE OFAV'S PER REVOLUTION_ INDICATING

THE AMOUNT OF THE PRE-RETRO BURN FOR ALL

TARGETS IN THAT REVOLUTION.

TMORMC INPUT TABLE TO THE OUTPUT ROUTINE FOR

DISPLAYS AND PLOTS. ONLY THE SECOND WORD

(LONGITUDE OF PRESENT POSITION) IS USED

HERE.

TDRDWT TABLE OF TTF PARAMETERS. THE NINTH WORD

CONTAINS THE TIME (7 MINUTES) BEFORE THE

CURRENTLY DISPLAYED GMTRC SHOULD BE

UPDATED, THE IOTH WORD CONTAINS THE

DELTA LONGITUDE TO BE USED ON A RESTART

IN DETERMINING WHICH TARGETS ARE TO0

LATE TO HIT.
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TOSCCH S/C CHARACTERISTC TABLE. THE 32ND WORD

CONTAINS THE BANK ANGLE TO BE USED IN

COMPUTING GMTRC FOR CONTINGENCY AND PRI-

MARY AREAS.

B) COMMUNICATION CELLS -

MCREVN CURRENT REVOLUTION NUMBER.

MCTSPA CURRENTLY DISPLAYED GMTRC FOR THE STORED

PRIMARY AREA.

MCHFSC CURRENT GMT TIME IN HALF-SECONDS

MCMINS CURRENT GMT TIME IN MINUTES

MCERRP IF AN ERROR OCCURRED WHILE CALCULATING A

PRIMARY AREA GMTRC, THIS CELL CONTAINS

THE GMT AT THAT TIME, OTHERWISE ZERO.

C) PARAMETER -

MNNUPA E_UAL TO THE NUMBER OF RECOVERY AREAS IN

TMLMPT

D} CONSTANTS -

KLCAPE

KKK2PI

E) MACROS -

UNQUE

QUEUE

TRNON

TRNOF

QEN_Z

QENBA

OUTPUT

A) AN ENTRY IS PUT INTO THE QUEUE FOR MYTTF4, CON-

SISTING OF A TABLE LOCATION IN THE ADDRESS,

REVOLUTION NUMBER OF THE TARGET IN THE

DECREMENT, ÷ 0 IN THE PREFIX.
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B) TABLE -

TMPRIO INPUT TABLE TO MYTTF4, CONSISTING OF

AT' @T' B, AV IN THAT ORDER

C) COMMUNICATION CELL -

MCRECP CONTAINS THE RECOVERY AREA CODE, ERN AND

NAME OF TARGET.

METHOD

IF IN A RESTART OR ON INSERTION INTO ORBIT, MYQPRA

WILL SEARCH THE TABLE OF PRIMARY AREAS SELECTING THE

FIRST CNE WHICH HAS A LRN GREATER OR EQUAL TO THE CURRENT

ORBIT NUMBER, UNLESS THE LONGITUDE OF THE TARGET IS

WITHIN 80 ° OF THE LONGITUDE OF PRESENT POSITION, IN WHICH

CASE THE NEXT TARGET IN THE TABLE IS CHOSEN. IF NO RE-

START, THE CURRENTLY DISPLAYED GMTRC FOR THE STORED

PRIMARY AREA IS CHECKED TO SEE IF IT IS WITHIN 7 MINUTES

DF CURRENT GMT. IF IT IS NOT AND THE ORBIT HAS CHANGED,

MYTTF4 IS QUEUED TO UPDATE THE CURRENT GMTRC. IF NO ORBIT

CHANGE, MERELY EXIT. IF IT IS WITHIN 7 MINUTES, THE SUC-

CEEDING TARGET IN THE TABLE IS CHOSEN AND THE INPUT QUEUE

FOR MYTTF4 IS FORMED AND MYTTF4 IS QUEUED.

USAGE

A)

B)

STORAGE REQUIRED - TO0 CELLS

TIMING - MAXIMUM, WITH THE EXCEPTION OF FIRST

TIME THROUGH ON RESTART - .120 MS

786



ENTER

t MOPRIO

**°*°°*,**°*°,,H°.

• TR_0_ A FCK °

_YCPR_ i*

*o°****,°,°°,°°

*°°°°,°***°,°,°

°° °

• DISABLE •

•*•*°*°*°°*****•

** DnUUE Intc -

DGTST *
. .

°.*...°°.*,°...

°*°•*°*°*°°°**°*°

°° ENABLE *

VGL Ill REAL TI_E PROCESSORS PART II - ORBIT/REENtRY

• m • °

• _ GT 80 ° AHEAI_ YES%o:x -oF _,O_PRES. - ........
°. . PO,S.

:°•-*••*•,•••°:

°I_CR_MENE XRl*
• EY -1. TAKE •

• NEXt TARGET w

• * DGbXT
• °

• *YeS ****
• /8 XR! _/LT * • ° .

• -M:<NUPA •X O3 •
° *TS_*

• ° ••••
°

° °

.'X .................

DD? _ t)Gll
*•******•••*°°•

°°* • •*.•,
• B_Io.X: XKI INTO :..._ B2 •

I)GPS I * °78d•

EXCEEDS TABLE
SIZE

DG6

:Oo:..x: DGPSI INTO :

• • • XPl •

*•*•°°*°**mmmo*

°YES

• • IS mCTSPA 0 ° • ........

i

• • INO

• i IS MCTSPA-? • * ........

MI_S GT GMT ° ..

.°

• • _ES •"

:X .................

i
OGb DCEXT "

°• * ° °YES •••• •

:D_:X* ts D_TST= o " ._ DI',:
• * • * *t_0*

.......... x- R2 ,.

°TS_.

*H*

OSll

L_(;FXT

• *YLS ****

* °T88"
• * **°*

° °

* Lf,_

* *NO *'*

• IS I_IS T_i • * *

IHRtU_h l l l
° .•.

°

×

*YLS

• IS MCERRR = C ° ° ........

• NU

• DGd

• IS "C_INS - • • * .

• MCERRP •/LT *x t3,

• °°..° -

• SEARCH PRIM.

_AREA TABLE UNTIL

.LRN OF TAHGET •

*MCREVN
*•**°•***°,•*,*

*°••*•.***•.**.

*XRI CONTAINS

:COMPL OF NO. Of,"
• THIS TARGET IN

• TABLE
°**°.,.°.°,_,•.

['Jse_rlnN O_

Re%°APT
• o J_TO wCrQRP_

°°m.,°°H°.°*°•

:

:x .................

x

•**.•°*°°.•.°°°

XRI -

XKI

DGI5 _:_7

*\L, ***
• * IS THERt a * •

• tOT In T_IS *x B3:

° R_v ° °°*
:,.TINI........: :;;.o



V[)L Ill REAL TIME PROCESSORS PART IT - ORBIT/REENTRY

• • DGEXT

•••°• • •NO *H
i

• BO • IS XRI GT - *X D31
• * • MNNUPA • • •
• °• • lie

_,Es

DGDIZ

e* • •

*DO•X DISABLE

•••.••.t•l•.••*

L_GI2

••*•Hit.,••.••.•

° TRNU'4 B FUR •

• • _YL[E_

i•••*•°*,,•••,• •

UPDATE REV

CAPACIIY
• _ QUEUE MYTTF4

WITH DGOUE w•

(]GIL

••'a_'..x" PICKUP - xRI*TGT FRDM •

• • • T_LMPT. •

• a TRNON G FOR •

MYQPRA •

kT INTO TMPI{IQ

:_>I INTO TMPRIQ + l

•,°°••°*•°Qt•°.

DGEXT

• ,• •'••''•''''••••'•

_O3*• • T_NUF A FOR

• • • MYQPRA

°'' °••..•,,,o....H"

o••••••.••°•••°

: T()SC('FI_:31 :

°••.•*..••...H

: EXIT :

• MOPRIO •
OH•,,,,°H,O••

:°,,,°,•o•••oo

: -xH11NTRYK[]M IMPLON

• lr_TG MCR[CP

LJF(.RfMFNT
*,,•.•.....,*.,

:o••,,•*,*o-°.:

• Ot IJr'._l)t I •

:oooo••••,°••,_

L _N F'¢TRY I4-
T_DtLV INT{) •

IMPRI(;•_ •

,,°,.,,,,,,•,,.

: ............. , ...

i (,iLl^ V Fil_o • •I_'^T °...X I)_.o
_t vl lIII11J_l °

° ,°°
,,,°,,°,,,°,,,°



VOL III REAL TIME PROCESSORS PART II - ORBIT/REENTRY

2I. MYQNEA - MONITOR QUEUE NEXT EMERGENCY AREA PROCESSOR

MYQNEA SELECTS THE APPROPRIATE CONTINGENCY RECOVERY

AREA FROM THE STORED TABLE OF CONTINGENCY AREAS AND

QUEUES MYTTF6 TO INITIATE A GMTRC COMPUTATION FOR THAT

AREA. (SEE FLOWCHART.)

INPUT

A} TABLES -

TMAREA

TMPNRA

TMDELV

TDRDWT

TOSCCH

TMORMC

TABLE CONTAINING LONGITUDES OF ALL

CONTINGENCY (EMERGENCY) RECOVERY

AREAS FOR THE MISSION.

TABLE ASSOCIATED WITH TMAREA CON-

TAINING CORRESPONDING REVOLUTION

NUMBER OF THE RECOVERY AREAS ALONG

WITH AN INDICATION OF THE NAME OF

THE AREA AND AN ASSOCIATED DELAY IN

DISPLAYING THEM.

TABLE OF AViS (VELOCITY INCREMENTS)

PER REVOLUTION TO BE USED IN THE

PRE-RETRO DAMS MANEUVER.

TABLE OF PARAMETERSt THE IITH WORD

CONTAINING 80 ° IN RADIANS TO BE

USED IN DETERMINING WHICH TARGETS

TO TAKE.

TABLE OF MISSION PARAMETERSt THE

32ND WORD CONTAINING THE BANK ANGLE

TO BE USED IN TTF COMPUTATION.

SECOND WORD CONTAINS LONGITUDE OF

PRESENT POSITIONt USED HERE.
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B) COMMUNICATION CELLS -

NCREVN

MCHFSC

MCMINS

MCTNEA

MCNOGT

C) CONSTANTS -

KLCAPE

KKK2KI

D) MACROS -

UNQUE

QUEUE

QENBZ

QENBA

TRNON

TRNOF

E) PARAMETER -

MNPNRA

CONTAINS CURRENT REVOLUTION NUMBER.

CONTAINS CURRENT TIME IN HALF-SEC-

ONDS.

CONTAINS CURRENT TIME IN MINUTES.

CONTAINS CURRENTLY DISPLAYED GMTRC

FOR THE NEXT CONTINGENCY AREA.

IF AN ERROR OCCURED WHILE COMPUTING

GMTRC FOR THE NEXT CONTINGENCY AREAL

THIS CELL CONTAINS THE GMT+ SOME

AVERAGE TIME BETWEEN AREAS.

EQUAL TO THE NUMBER OF CONTINGENCY

AREAS.

OUTPUT

A} TABLE -

TMLOCC TABLE OF INPUT FOR MYTTF4t CON-

TAINING LONGITUDE OF THE TARGET, _

BANK ANGLE AND AV IN THAT ORDER.
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B) QUEUE HORD FOR MYTTF4t CONTAINING MZE IN THE

PREFIXt REVOLUTION NUMBER OF THE TARGET IN THE

DECREMENT AND TMLOCC IN THE ADDRESS.

C| COMMUNICATION CELL -

MCRECA CONTAINS THE RECOVERY AREA DIGITAL

DISPLAY BITS.

METHOD

IF IN A RESTART OR ON INSERTION INTO ORBITt MYQNEA

HILL SEARCH THE TABLE OF CONTINGENCY AREAS SELECTING THE

FIRST ONE HHICH HAS A LRN GREATER OR EQUAL TO THE CURREN

ORBIT NUMBER_ UNLESS THE LONGITUDE OF THE TARGET IS WITH

IN 80 ° OF THE LONGITUDE OF PRESENT POSITIONt IN HHICH

CASE THE NEXT TARGET IN THE TABLE IS CHOSEN. IF NO

RESTART_ THE CURRENTLY DISPLAYED GMTRC FOR THE STORED

CONTINGENCY AREA IS CHECKED TO SEE IF IT IS HITHIN SOME

VARIABLE DELAY OF THE CURRENT GMT. IF IT IS NOT AND THE

ORBIT HAS CHANGEDt MYTTF6 IS QUEUED TO UPDATE THE CURREN

GMTRC. IF NO ORBIT CHANGEr MERELY EXIT. IF IT IS HITHI_

7 MINUTESt THE SUCCEEDING TARGET IN THE TABLE IS

CHOSEN AND THE INPUT QUEUE FOR MYTTF6 IS FORMED AND

MYTTF6 IS QUEUED.

USAGE

STORAGE REQUIRED - 98 LOCATIONS

TIMING - MAXIMUM (EXCEPT FIRST TIME

THROUGH ON RESTART) - .120 MS
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22. MPLEDI - MONITOR PREFIX TO EOLED[

MPLEDI PREPARES THE EDITING PARAMETERS FOR EOLEDL BY

PROVIDING THE LOCATION OF INPUT RADAR MESSAGES. SPECIAL

CONSIDERATION IS GIVEN TO BERMUDA AND THE DOWNRANGE

STATIONS, I.E., CAPE KENNEDY, SAN SALVADOR AND GRAND

BAHAMA. FOR FIRST-ORBIT BERMUDA DATA, AN INDICATOR IS SET

SO THAT MFLEDI WILL SCREEN OUT POWERED-FLIGHT DATA.

THEREFORE, FIRST-ORBIT DOWNRANGE DATA WILL NOT BE PRO-

CESSED FURTHER. ON SUBSEQUENT ORBITS, THE ONLY DOWNRANGE

RADAR DATA PROCESSED IS THAT FROM THE FIRST STATION

COMPLETING TRANSMISSION. (SEE FLOWCHART.)

INPUT

A)

B)

C)

D)

AN ENTRY IN THE INPUT QUEUE TABLE FOR EOLEDI

CONTAINING IN ITS ADDRESS THE BASE ADDRESS OF

THE TMRMXX RADAR MESSAGE BLOCK PROVIDING THE

INPUT.

MCHFSC CONTAINS CURRENT GMT IN FIXED POINT

HALF-SECONDS.

MCGTLO CONTAINS GMT OF LIFTOFF IN FIXED POINT

SECONDS.

MCMINS CONTAINS CURRENT GMT IN FIXED POINT

MINUTES.

OUTPUT

A)

B)

C)

MCLED! CONTAINS IN ITS ADDRESS THE INTERNAL

STATION NUMBER OF THE DATA TO BE EDITED.

TMRMXX TABLE OF INPUT DATA FOR EDITING.

MCLEDD CONTAINS IN ITS ADDRESS THE LOCATION OF

THE TMRMXX INPUT TABLE.

793



VOL III REAL TIME PROCESSORS PART II - ORBIT/REENTRY

D} MCCAPI SET TO NONZERO TO INDICATE THAT FIRST-

PASS BERMUDA DATA IS TO BE SCREENED FOR

POWERED-FLIGHT BY MFLEDI.

METHOD

MPLEDI RECEIVES CONTROL AFTER THE LOW-SPEED INPUT

PROCESSOR HAS DETERMINED THE NEED TO EDIT THE RADAR DATA

(THE END-OF-TRANSMISSION HAS BEEN DETECTED OR THE EIGHT

MINUTES MAY HAVE ELAPSED SINCE TRANSMISSION BEGAN FOR

THIS RADAR STATION). THE A INDICATOR FOR EOLEDI IS

TURNED ON AND MYREST IS SUPPRESSED UNTIL THIS EDITING

ENTRY HAS BEEN COMPLETED.

MPLEDI UNQUEUES THE OLDEST ENTRY FROM THE EDIT INPUT

QUEUE TABLED AND FROM THIS ENTRY PROVIDES THE EDITING

PARAMETERS FOR EOLED1.

IF THE INPUT DATA HAS BEEN RECEIVED FROM ANY

STATION OTHER THAN THE THREE KENNEDY DOWNRANGE STATIONS,

MPLEDI GIVES CONTROL DIRECTLY TO EOLEDI TO EDIT THE DATA.

IF BO MINUTES HAS NOT ELAPSED SINCE LIFTOFF AND IF THE

DATA IS FROM THE BERMUDA AN/FPS-I6 RADAR, MCCAPI IS SET

TO NONZERO TO INDICATE INITIAL, FOR FIRST PASS, BERMUDA

DATA. FOR THE DOWNRANGE STATIONS THE DATA IS EDITED IF BO

MINUTES HAVE PASSED SINCE LIFTOFF OR REENTRY PHASE HAS

BEEN ENTERED. OTHERWISE, ZERO IS STORED IN THE SECOND

LOCATION OF THE TMRMXX TABLE TO INDICATE THAT NO INPUT

DATA IS AVAILABLE FOR EDITING, AND MPLEDI GIVES CONTROL

TO MFLEDI, BYPASSING EDITING FOR THIS ENTRY.
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USAGE

MPLEDI IS ENTERED FROM MOPRIO AND EXITS TO EOLED]

TO MFLEDI.

A) STORAGE REQUIRED -

4I LOCATIONS

B) MACROS -

QENBA

QENBZ

QUEUE

TRNOF

TRNON

C) PARAMETERS -

A

D

MNLEDI

MNREST

D) COMMUNICATION CELLS -

MCCAPX

MCGTLO

MCHFSC

MCLEDI

MCLEDD

MCMINS

E) TABLE -

TMRMXX

F} CONSTANTS -

K00072

K01800

G) TIME REQUIRED -

MINIMUM - 0.191 MILLISECOND

MAXIMUM - 0.248 MILLISECOND
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23. MPLED2 - MONITOR PREFIX TO EOLEDI

MPLED2 IS USED WHEN THE PHASE CHANGES FROM ORBIT TO

REENTRY. IT SERVES AS A QUEUE FOR CERTAIN RADAR MESSAGE

BLOCKS WHICH MAY BE ACCEPTABLE REENTRY INPUTv BUT WHICH

HAVE BEEN QUEUED AS ORBIT INPUT FOR DIFFERENTIAL CORREC-

TION BUT NOT PROCESSED BY DIFFERENTIAL CORRECTION AS OR-

BITAL INPUT. MPLED2 ALLOWS MFLEDI TO REQUEUE DIFFEREN-

TIAL CORRECTION IN THE PROPER ORDER WITH THE MESSAGE

BLOCKS, AFTER MAKING THE BLOCKS VALID FOR REENTRY INPUT.

(SEE FLOWCHART.)

INPUT

INPUT TO MPLED2 INCLUDES - TMRMXX - THE BASE ADDRESS

OF THE RADAR MESSAGE BLOCK TMRMXX (WHERE THE XX RANGES

FROM O/ TO 12] IS ENTERED IN THE QUEUE FOR MPLED2.

OUTPUT

A) MCCHEK

B) MCLEDD

IF THE QUEUE TABLE FOR MPLED2 HAS BEEN

EMPTIEDe MCCHEK IS SET TO NONZERO.

CCNTAINS IN ITS ADDRESS THE BASE LOCA-

TION OF THE RADAR MESSAGE BLOCK, TMRMXX,

TO BE PROCESSED BY MFLEDI.

METHOD

MPLED2 SUPPRESSES MYREST, WHICH IS UNSUPPRESSED WHEN

MFLED1 RECEIVES THE INDICATION THAT THE QUEUE FOR MPLED2

HAS BEEN EMPTIED. THE SUPPRESSION IS NECESSARY TO ENSURE

THAT RADAR MESSAGE BLOCKS ARE QUEUED FOR DIFFERENTIAL

CORRECTICN IN THE PROPER ORDER.

MPLED2 THEN UNQUEUES AN ENTRY FROM ITS QUEUE AND
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STORES THE ENTRY IN MCLEDD. IF THE QUEUE IS EMPTYt AN

INDICATION IS SET IN MCCHEKt AND CONTROL IS TRANSFERRED

TO MFLEDI.

USAGE

MPLED2 IS ENTERED FROM MOPRIO AND EXITS TO MFLEDI.

A) STORAGE REQUIRED -

I5 LOCATIONS

B) MACROS -

QENBA

QENBZ

TRNON

UNQUE

C) PARAMETERS -

MNLED2

MNREST

C) COMMUNICATION CELLS -

MCCHEK

MCLEDD

E} TABLES -

TMRMXX (WHERE THE XX RANGES FROM 01 TO 12) AND

THE QUEUE TABLE FOR MPLED2.

F) TIME RECUIRED -

MINIMUM - 0.093 MILLISECOND

MAXIMUM - 0,392 MILLISECOND
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24. EOLEDI - EDIT

DURING ORBIT, A NETWORK OF TRACKING SITES LOCATED

AROUND THE WORLD MONITORS THE SPACECRAFTeS POSITION AND

THE STATUS AND PERFORMANCE OF ITS HUMAN OCCUPANT.

SUMMARIES OF THIS DATA ARE SENT BY TELETYPE TO GODDARD.

THE DATA IS PROCESSED BY THE INPUT PROGRAM (IOTTIN), AND

ONLY THE POSITIONAL DATA IS RETAINED IN MEMORY UNTIL SUCH

TIME AS MONITOR INSTRUCTS THE EOLEDI PROGRAM TO EDIT THE

INFORMATION. (SEE FLOWCHART)

THE EOLEDI PROGRAM -

A) DELETES RADAR MESSAGES HAVING ERRONEOUS TIMES.

B) FINDS THE TIME OF CLOSEST APPROACH (tc__ TO EACH

SITE.

INPUT

EOLEDI RECEIVES ITS INPUT FROM -

A) MCLEDI THE ADDRESS FIELD OF MCLEDL CON-

TAINS THE INTERNAL STATION

NUMBER_ j.

B) TMSTCH THE ADDRESS FIELD OF TMSTCH ÷ j

CONTAINS THE FIRST LOCATION OF

THE STATION CHARACTERISTICS

BLOCK JTH STATION MINUS I.

C) MCLEDD CONTAINS THE BASE ADDRESS OF THE

MESSAGE BLOCK OF STATION j,

TMRMXX ÷ 203 TO BE EDITED.

THE DATA BLOCK IS ARRANGED IN THE FOLLOWING FORMAT -

TMRMXX + 203 STATION NUMBER t, PASS NUMBER

÷I NUMBER OF RADAR MESSAGE IN THIS

BLOCK N (_0)
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+2 BLANK

+3 TIME t 1,

+4 RANGE R 1

UNiT

+5

+6

+7

+8

+9

+I0

eeee

FIXED POINT (MINtSEC)

FLOATING POINT, GEMINI

AZIMUTH A 1 FLOATING POINT,

RADIANS

ELEVATION E 1 FLOATING POINT,

RADIANS

t2

R 2

A 2

E 2

ETC._ UP TO 50 MESSAGES

SECOND RADAR MESSAGE

SECOND RADAR MESSAGE

SECOND RADAR MESSAGE

SECOND RADAR MESSAGE

OUTPUT

THE OUTPUT DATA OF EOLEDI IS THE SAME AS THAT OF

THE INPUT DATA BLOCK AND CONTAINS THE EDITED MESSAGES IN

STATION NUMBER, tPASS NUMBER

NUMBER OF RADAR MESSAGE RETAINED

AFTER EDITING, NL <N

+2 LOCATION RELATIVE TO TMRMXX ÷

203 OF tCA

+3 tI FIXED POINT {MIN_tSEC)

+6 R 1 FLOATING POINT, GEMINI UNIT

÷5 A 1 FLOATING POINT, RAOIANS

+6 E1 FLOATING POINT_ RADIANSt

.... ETC.

THE FOLLOWING FORMAT -

TMRMXX + 203

+l

METHOD

THE TIME SEQUENCE CHECK DIVIDES THE TIME DATA INTO

SEQUENCES OF CONSECUTIVE TIME DATA, EACH SEQUENCE
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SATISFYING THE FOLLOWING CONDITIONS -

A) THE SEQUENCE IS MONOTONICALLY INCREASING

B) THE SPAN OF THE SEQUENCE (INCREMENT BETWEEN THE

FIRST AND THE LAST ELEMENTS) DOES NOT EXCEED

SEVEN MINUTES. THE LONGEST OF THESE SEQUENCES IS

ACCEPTED AS VALID TIME DATA.

EACH OF THOSE ELEMENTS NOT IN THE ACCEPTED SEQUENCE

IS THEN EXAMINED. IF THE ACCEPTED SEQUENCE IS EXTENDED TO

INCLUDE THIS ELEMENT AND THE EXTENDED SEQUENCE STILL

MEETS THE CONDITION (A AND B, ABOVE) THE ELEMENT IS

ACCEPTED AS VA_.ID. OTHERWISE, THE RADAR MESSAGE CON-

TAINING IT IS DELETED.

TIME OF CLOSEST APPROACH

THE TIME OF CLOSEST APPROACH, t IS THE TIME ASSO-
e8

CIATED WITH THE MAXIMUM ELEVATION ANGLE.

LOCAL VERTICAL CORRECTION

AE= _)t -sinA A- Agp .cosA A (IAEI) < 4 • lr
180°

0.00116

AA=
_'cosA A+ Aq_. sinA A (IAAI)

AE - cot E A
< 5.16 °

180 °

THUS- RG = RA

A G = A A + AA (mod 2_r)

E G = E A + Z_E

SUBSCRIPTS A AND G REFER TO ASTRONOMIC (OR GEDID) AND

GEODETIC (OR GEMINI ELLIPSOID) QUANTITIES RESPECTIVELY.

_ AND _ ARE THE PRIME VERTICAL AND MERIDIAN COMPONENTS

OF THE DEFLECTION OF THE (LOCAL) VERTICAL (OR ASTRONOMIC
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ZENITH) FROM THE TRUE VERTICAL {OR GEODETIC ZENITH)_

NEGATIVE VALUES INDICATE DEFLECTION TO THE EAST OR THE

SOUTH.

IA I "IA I < 2'x -- ~ 0.00058
180 °

REFRACTION CORRECTION

zkR = 4K (no - i)/ sin E G

AE= (n0- 1) cot E

FOR EG <.175 RADIANS THE FOLLOWING EQUATIONS ARE USED TO COMPUTE _ F--

°01072014 + .1279119 x 10 -7
1.03585796 EG EG 2

.1227363EG3X 10 -7 I (n 0-1) cot E G

r 2= RG 2 + r02 + 2R Gr 0 sin (E G- T)

K = n0r 0 cos E G

Vr - K 2tan 01 = K

N 0x 10 -b-TtanE G
5 =

-tanE G+n o tan 01

AE= T-5
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WHERE-

EG =

T =

AE =

nO =

N O =

E =

R G =

r 0 =

r =

81 --

5 =

THUS -

R =

A =

E =

USAGE

A)

B)

C)

OBSERVED ELEVATION ANGLE IN RADIANS

BENDING ANGLE OF RAY

ELEVATION ANGLE ERROR DUE TO REFRACTION

INDEX OF REFRACTION AT RADAR

(n o -l) x 106= REFRACTIVITY AT RADAR

TRUE ELEVATION ANGLE

SLANT RANGE OBSERVATION

RADIAL DISTANCE FROM EARTH'S CENTER TO RADAR

APPROXIMATE RADIAL DISTANCE FROM EARTHtS CENTER

TO TARGET

LOCAL ELEVATION ANGLE OF RAY AT TARGET

7-RE= ANGLE USED TO COMPUTEAE

R G - AR

A G

E G - AE

STORAGE REQUIRED -

INSTRUCTIONS

TEMP

CONSTANT

TOTAL

TIME REQUIRED -

THE COMPUTER RUNNING TIME REQUIRED BY EOLEDI

IS A FUNCTION OF THE QUANTITY AND QUALITY OF THE

INPUT.

CHECKOUT -

THE REVISED EOLED! HAS BEEN OPERATING IN THE

GEMINI PROGRAM SYSTEM SINCE MARCH 1965.

- 432

- 246

- 7

685 LOCATIONS
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****m****.**o*m

! E.TER :
EOLEOI *

toaeliwltteeoQ*

** *FIND MAX. Ei, *

**00:..x:TMELOCOFTHE
• * _.SSOC. TIME •

e* * T, WITH *

_SET NO INTO N :

• ttESPECT TO *

:FroSTLOCOF i
• MESSAGE

• BLOCK •

• *YES •**••••••*•*le•

IS NO LT I * • ............ X: EXIT :

• TO MFLEOI

• • • • ••*••••H•••••o

:'I.'_'C3_'":
: IN WORD 3

• OF MSGE

• BLOCK •

LOCAL **

• VERTICAL ANO •
• REFRACTION •

• CORRECTIONS •

• EXIT

• TO NFLEDL *

• ° *NO

IS NO GT 1

_'ES

• STORE 1 AND 3•
• .............. X•IN THE SECOND•

• AND THIRD •
• WOROS OF *
•°•*°°••°,°••*•

,*,••°°•*•**•••

_t i + i INTO X i "

t4SEC. FX. PT.) *

._ _o..... NI):
He•H*••*••••*

:•••°•°•°•°*••:

: THE 5IAIIO_ :

• MESSAGE BLOCK•

.""'_'_'s'_'_""'.
• • OF TIMES X0, *.

• X, .... (N-I)

i
*DELETE RADAR

_MSGES WITH

IBAD TIMES AND

i EXIF
TOMELEOI

_N MSGE BLOCK

.QWHILE FLOATING

• X'S NO OF

• MSGES -

_'_O INTO N * ••*

_qINTOWORD2 1...i DO:

#DF STAMSGE • •

• BLOCK • •am
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25. MFLED1 - MONITOR SUFFIX TO EOLED1

MFLEDI DIRECTS ALL EXIT CONTROL FUNCTIONS ASSOCIATED

WITH THE LOW-SPEED EDIT PROGRAMt EOLEDI. MFLEDI PROCES-

SES THE EDITED RADAR MESSAGE BLOCK CONTAINING FIRST-PASS

BERMUDA CATA TO ELIMINATE ALL POWERED-FLIGHT DATA ANDt

AFTER RETROFIRE HAS []CCUREEDt PROCESSES THE EDITED RADAR

MESSAGE BLOCK FOR REENTRY INPUT. ALL MESSAGES IN THE RA-

DAR MESSAGE BLOCK THAT HAVE A TIME TAG EARLIER THAN THE

END r]F POWERED FLIGHT ARE DELETED. DURING THE REENTRY

PHASEv ALL MESSA(;ES CONTAINING A TIME TAG EARLIER THAN

BURNGUT ARE DELETEC. THE NUMBER-OF-MESSAGES INDICATOR

FOR THE MESSAGE BLCCK IS UPDATED, IF NECESSARY, AS IS THE

TIME OF MINIMUM RANGE. DURING THff CHANGE OF PHASE FROM

ORBIT TO REENTRY, MFLEDI, WITH MPLED2t HAS THE ADDED

FUNCTION GF RF-QUEUEING DIFFERENTIAL CORRECTION {DC) IN

THE PROPER CKDER WITH THE MESSAGE BLOCKS WHICH ARE VALID

REENTRY INPUT, BUT WHICH HAVE BEEN _UEUED AS ORBITAL IN-

PUT TC DIFFEi_ENTIAL CORRECTION _UT HAVE NOT PROCESSED BY

DIFFERENTIAL CORRECTION AS ORBITAL INPUT. BEFORE RE-

QUEUEINGv THE RADAR MESSAGE BLOCK IS PROCESSED AS DES-

CRIBE[) ABOVE TO 8E MADE VALID F[_R REENTRY INPUT. {SEE

FLWOCHART.)

IMPUT

A) THE RADAR MESSAGE BLOCK T_RFiXX SPECIFIED IN THE

ADCRFSS OF MCLEDI), WHERE XX VARIES FRGM 31 TO 12

C(]RRESPCNDIi_G TO ONE DF 12 _LOCKS IN A BUFFER

POOL. THE RADAR BLOCKS HAVE THE FOLLOWIHG FOR-

_AT -
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WORD

I

2

3

4

5

6

7

8

O

10

IT

203

T
11

CONTENTS

STATION IDENTIFICATION NUMBER IN THE AD-

DRESS FIELD•

NUMBER OF RADAR MESSAGES IN THIS BLOCK•

ADDRESS FIELD CDNTAINS LOCATIUN OF TIME

OF MINIMUM RANGE IN THIS BLOCK RELATIVE

TO THE FIRST WORD. FOR EXAMPLE - IF THE

FIRST TIME {THE TIME IS WORD _) IS THE

TIME OF MINIMUM RANGE, THE ADDRESS OF

WORD 3 CONATINS A 3 IWORD I+3). IF THE

SECOND TIME IS THE TIME OF MINIMUM

RANGE, THE ADDRESS OF WORD 3 CONTAINS

A?.

TIME IT 1) IN FIXED-POINT, MINUTES IN

ADDRESS FIELD, SECUNDS IN DECREMENT

FIELD.

RANGE (R 1 ) IN FLOATING-POINT GEMINI

UNITS.

AZIMUTH (A I) IN FLAOTING-POINT RADIANS.

ELEVATION (E 1) IN FLOATING-POINT RADIANS

T2 2NO RADAR MESSAGE

R2 2NO RADAR MESSAGE

A 2 2ND RADAR MESSAGE

E 2 2NO RADAR MESSAGE

(UP TO 50 T, R, A, E, MESSAGES)

IS ALWAYS GREATER THAN In_ I .

qo?
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B) MCLEDD

C ) MCNRRF

D) MCBNOT

E) MCPFLD

F) MCCAP1

G) MCCHEK

OUTPUT

A) TMRMXX

WORD

L

CONTAINS IN ITS ADDRESS THE STARTING LO-

CATION OF THE RADAR MESSAGE BLOCK FOR

EDITING, TMRMXX (WHERE THE XX VARIES

FROM 01 TO 12)o

CONTAINS ZERO DURING ORBIT, SET TO NON-

ZERO DURING REENTRY.

CONTAINS I.N THE REENTRY PHASE GMT OF

BURNOUT (SECONDS IN ADDRESS, MINUTES IN

DECREMENT), SET EITHER BY MYREST DR

MYSEEK.

CONTAINS GMT OF THE TERMINATION OF POW-

ERED FLIGHT (SECONDS IN ADDRESS, MINUTES

IN DECREMENT), SET IN LAUNCH.

LOCATION INITIALLY ZERO, BUT SET TO NON-

ZERO BY MPLEDI TO INDICATE TO MFLEDI

THAT THE BLOCK BEING EDITED CONTAINS

FIRST PASS BERMUDA DATA. MCCAPI IS RESET

TO ZERO BY MFLEDI.

LOCATION INITIALLY ZERO, BUT SET TO NON-

ZERO BY MPLED2 TO INDICATE TO MFLEDI

THAT THE QUEUE FOR MPLED2 HAS BEEN EMP-

TIED, IT IS THEN RESET TO ZERO BY

MFLEDI.

CONTENTS

STATION IDENTIFICATION IN THE ADDRESS

FIELD.

IF THE MESSAGE BLOCK CONTAINS FIRST-PASS

BERMUDA DATA OR IF RETROFIRE HAS OC-

CURRED, WORD 2 CONTAINS THE NUMBER OF
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3

4

6

7

8

9

i0

II

203

MESSAGES IN THE BLOCK HAVING A TIME

GREATER THAN OR EQUAL TO MCBNOT•

IF THE MESSAGE BLOCK CONTAINS FIRST-PASS

BERMUDA DATA OR IF RETROFIRE HAS OC-

CURRED, WORD 3 CONTAINS IN ITS ADDRESS

FIELD THE LOCATION OF THE TIME OF MINI-

MUM RANGE RELATIVE TO THE FIRST WORD.

TIME (T 1) IN FIXED-POINT_

MINUTES IN ADDRESS FIELDv

_ECONDS IN THE DECREMENT

FIELD•

RANGE (R 1) IN FLOATING-

POINT GEMINI UNITS.

AZIMUTH (A1) IN FLOATING-

POINT RADIANS.

ELEVATION (E1) IN FLOATING-

POINT RADIANS.

T2

R2

A2

E
2

IST MESSAGE

IN ORIGINAL

BLOCK HAVING

A TIME

GREATER THAN

MCBNOT

2ND MESSAGE

HAVING A

TIME GREATER

THAN MCBNOT

(UP TO 50 MESSAGES)
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\j-

B)

C)

D)

E)

MCCHEK SET TO NONZERO BY MPLED2 (TO INDICATE TO

MFLEDI THAT THE QUEUE FOR MPLED2 HAS

BEEN EMPTIED), RESET TO ZERO BY MFLEDI.

MCCAPI SET TO ZERO BY MFLED[.

MCBNOT IF THE RADAR BLOCK BEING EDITED CONTAINS

FRIST-PASS BERMUDA DATA, MFLEDI STORES

IN MCBNOT THE GMT OF THE END-OF-POWERED-

FLIGHT (MINUTES IN DECREMENT, SECONDS IN

ADDRESS).

ONE OF TWO MESSAGES IS QUEUED - EITHER ,'_0 MES-

SAGES IN RADAR MESSAGE BLOCK-DC BY-PASSED'' OR

''THE NUMBER OF OBSERVATIONS PRESENTED TO DC IS

el WITH THE SECOND MESSAGE,

DIFFERENTIAL CORRECTION IS QUEUED WITH THE

EDITED RADAR MESSAGE BLOCK.

METHOD

WHEN MFLEDI IS ENTERED_ THE SECOND WORD OF THE RADAR

MESSAGE BLOCK, TMRMXX, WHICH CONTAINS THE NUMBER OF RADAR

MESSAGES ACCEPTED BY THE EDIT PROGRAM IS TESTED. IF THIS

WORD IS ZERO, DIFFERENTIAL CORRECTION IS BYPASSED, AND A

MESSAGE TO THIS EFFECT IS QUEUED. OTHERWISE, A TEST IS

MADE TO DETERMINE WHETHER THE INPUT IS FIRST-PASS BERMUDA

DATA, FOR WHICH THE TIME FOR SCREENING THE RADAR MESSAGES

IS SET TO EQUAL TO THE TIME OF THE END-OF-POWERED-FLIGHT.

THE SCREENING PROCESS THEN PROCEEDS AS DESCRIBED BELOW.

IF THE INPUT IS NOT FIRST-PASS BERMUDA DATA_ A TEST

IS MADE TO DETERMINE WHETHER REENTRY IS IN PROCESS. FOR

THE ORBIT PHASE, ALL MESSAGES IN THE BLOCK ARE VALID, AND

THUS DC IS QUEUED, AS IS AN ON-LINE MESSAGE WHICH STATES

THE NUMBER OF OBSERVATIONS PRESENTED TO DC. FOR THE RE-

ENTRY PHASE, THE TIME FOR SCREENING THE RADAR MESSAGES
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HAS BEEN PRESET EQUAL TO THE TIME OF BURNOUT BY MYREST OR

MYSEEK.

THE TIME OF THE FIRST MESSAGE IN THE RADAR BLOCK IS

COMPARED TO THE SCREENING TIME. IF IT IS GREATER THAN OR

EQUAL TO THE SCREENING TIME, ALL THE MESSAGES IN THE

BLOCK ARE VALID_ SINCE In, IS ALWAYS GREATER THAN _n-1 IN

THE EDITED RADAR MESSAGE BLOCK. IF THE TIME OF THE FIRST

MESSAGE IN THE RADAR BLOCK IS LESS THAN THE SCREENING

TIME, THE BLOCK IS SEARCHED FROM THE LAST MESSAGE RE-

CEIVED FOR THE LATEST MESSAGE HAVING A TIME LESS THAN THE

SCREENING TIME. WHEN THIS TIME IS FOUND, THE CORRE-

SPONDING MESSAGEv AS WELL AS THOSE PRECEDING, IS RE-

JECTED. THE NUMBER OF MESSAGES IN THE RADAR BLOCK IS UP-

DATED TO INDICATE ONLY THE NUMBER OF MESSAGES HAVING AN

ASSOCIATED TIME GREATER THAN OR EQUAL TO THE TIME USED

FOR SCREENING. IF ALL MESSAGES ARE REJECTED_ THE SAME

PROCEDURE IS FOLLOWED AS WHEN THERE ARE NO INPUT MESAGESo

HOWEVER, IF THERE ARE SOME VALID MESSAGES IN THE BLOCKy

THE VALID MESSAGES ARE MOVED FORWARD SO THAT THE FIRST

MESSAGE IN THE 8LOCK IS THE FIRST VALID MESSAGE.

A TEST IS MADE TO DETERMINE WHETHER THE MESSAGE WITH

THE TIME OF MINIMUM RANGE WAS ACCEPTED. IF THIS MESSAGE

WAS ACCEPTED, WORD 3 IN THE RADAR MESSAGE BLOCK IS UP-

DATED WITH THE NEW RELATIVE LOCATION OF THE MINIMUM RANGE

TIME. IF_ HOWEVER, THE MESSAGE WAS REJECTED, WORD 3 IN

THE RADAR BLOCK IS SET TO REFERENCE THE LOCATION OF THE

TIME OF THE FIRST MESSAGE IN THE BLOCK.

IF MCNRRF IS ZERO, INDICATING ORBIT PHASE, THE ORBIT

NUMBER OF THE DATA IS COMPUTED BASED UPON THE TIME OF

MINIMUM RANGE (tea) OF THE DATA COMPARED TO THE TIME OF

ENTRY INTO THE CURRENT ORBIT (MCTPSN). ANY DATA WHOSE

tea IS WITHIN 15 MINUTES OF MCTPSN AND IS BOA OR THE CAPE

8ll



VOL IIl REAL TIME PROCESSORS PART II - ORBIT/REENTRY

COMPLEX, OR EXCEEDS THE 15 MINUTE INTERVAL AND IS EARLIER

THAN THE TIME IN MCTPSN IS ASSIGNED THE CURRENT ORBIT

NUMBER IN MCPASN. IF THESE CONDITIONS ARE NOT MET THE

DATA IS ASSIGNED THE CURRENT ORBIT NUMBER (MCPASN) PLUS

ONE. THE ORBIT NUMBER OF BDA OR THE CAPE COMPLEX, BEING

EAST OF THE DIVIDING LINE, IS QUESTIONABLE AND A FLAG IS

SET IN THE FIRST WORD OF THE RADAR MESSAGE BLOCK. THE

ORBIT NUMBER OF EGLIN OR TEXAS, BEING WEST OF THE DI-

VIDING LINE IS QUESTIONABLE AND A FLAG IS SET IN THE

FIRST WORD OF THE RADAR MESSAGE BLOCK.

DIFFERENTIAL CORRECTION IS QUEUED, AS IN A MESSAGE

STATING ''THE NUMBER OF OBSERVATIONS PRESENTED TO DC IS

It BEFORE EXIT IS MADE TO MOPRIO (BY

MPLED1 WHEN ITS CUEUE HAS BEEN EMPTIED), IF MCCHEK IS

NONZERO, MCCHEK IS RESET TO ZERO. MYREST IS UNSUPPRESSED

AFTER HAVING BEEN SUPPRESSED IN MPLED2, AND MPLEDI IS UN-

SUPPRESSED AFTER HAVING BEEN SUPPRESSED IN MYREST. THESE

SUPPRESSIONS ENSURE THAT THE QUEUES FOR DIFFERENTIAL COR-

RECTION ARE ACCEPTED IN THE PROPER ORDER. WHETHER MCCHEK

IS OR IS NOT EQUAL TO ZERO, MCCAPI IS RE-INITIALIZED TO

ZERO, THE SUPPRESSION OF MYREST SET IN MPLED1 IS UNSUP-

PRESSED, AND THE A INIDICATOR TURNED OFF FOR BOTH MPLEDI

AND MPLED2. CONTROL IS THEN TRANSFERRED TO MOPRIO.

(NOTE - MPLEDI AND MPLED2 ARE NEVER IN PROCESS AT THE

SAME TIME, THE B INIDICATOR FOR MPLED2 IS TURNED ON ONLY

IN MYREST, WHICH CANNOT BE ENTERED WHEN MPLEDI IS IN

PROCESS, AND WHICH SUPPRESSES MPLEDI. THIS SUPPRESSION

REMAINS UNTIL THE QUEUE FOR MPLED2 IS EMPTIED).
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USAGE

MFLED1 IS ENTERED FROM EITHER MPLED1, MPLED2, OR

EOLEDI AND EXITS TO MOPRIO.

A) STORAGE REQUIRED -

183 LOCATIONS

B} MACROS -

QENBA

QENBZ

QUEUE

TRNOF

C) PARAMETERS -

A MNREST

MNLEDI MNDIFC

MNLED2

MNMESS

D) COMMUNICATION CELLS -

MCBNOT

MCCAP1

MCCHEK

MCLEDD

MCNRRF

MCPFLD

MCPASN

MCDCIP

MCTPSN

E) TABLES -

TMRM01 TMRM07

TMRM02 TMRM08

TMRM03 TMRM09

TMRM04 TMRMIO

TMRM05 TMRMll

TMRM06 TMRMI2
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F) CONSTANTS -

KO0000

KO0001

KOOO03

KO0060

KOOgO

K00220

KNSTKA
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26. MPCPNI - MONITOR PREFIX TO CONTROL PROGRAM NUMERICAL

INTEGRATION

MPCPNI SETS CELLS FOR THE NUMERICAL INTEGRATION PRO-

CESSOR AND SETS UP TMBBNIt THE INTEGRATORS INPUT BLOCK.

(SEE FLOWCHART.)

INPUT

A)

B}

C)

D)

QUEUE -

THE DECREMENT CONTAINS AN INTEGER THAT DE-

TERMINES THE USE OF INTEGRATION. (SEE TABLE I.)

NUMBERS BETWEEN 0 AND 49t INCLUSIVE, INDICATE

ORBIT TYPE INTEGRATION, 50 DR GREATER MEANS RE-

ENTRY TYPE INTEGRATIONS. THE ADDRESS CONTAINS

THE LAST LOCATION PLUS ONE OF THE INPUT BLOCK

TO THE INTEGRATOR. (THE FORMAT IS GIVEN IN

TABLE 2.)

TABLES -

T|DRAG

PARAMETER -

MNBBNI

CONSTANTS -

K00054

KOO050

KO00IO

KOOOOB

THE FIRST WORD CONTAINS THE DENSITY

MULTIPLYING FACTOR TO USE IN GENERAL

ORBIT AND REENTRY INTEGRATIONS, THE

SECOND WORD CONTAINS THE SAME FACTOR

FOR ORBIT CAPABILITY.

PARAMETER EQUAL TO LENGTH OF TMBBNI,

CURRENTLY SET TO I?.
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KO0005

KO0001

OUTPUT

A)

B}

COMMUNICATION CELLS -

MCZRWX CONTAINS THE QUEUE WORD TO MPCPNI

MCIVSS THIS CELL IS SET IF THE SIGN OF

TMBBNIeIO IS NEGATIVE (SET BY

MSVTCA,) INDICATING UNEQUALLY SPACED

INTERVALS.

MCIVOS SAME USE AS MCIVOS, ADDRESS SET WITH

DECREMENT OF TMBBNI÷IO.

KRORRV ZERO INDICATES TO NOCPNI TO STORE

POSITION VECTORS (R) ONLY. NON-ZERO

INDICATES BOTH R AND V.

KCAVEC NON-ZERO INDICATES TO NOCPNI TO

STORE CAPE VECTORS ONLY.

K. MUTE CONTAINS THE DENSITY MUTILATION CO-

EFFICIENT FOR THE INTEGRATOR.

TABLES -

TNBBNI NOCPNI INPUT TABLE IS BUFFERED INTO

HERE FROM THE ADDRESS OF THE QUEUE

WORD.

USAGE

A)

B)

STORAGE REQUIRED -

TIMING -

50 LOCATIONS

.208 MSt MAXIMUM.

METHOD

THE METHOD IS SHOWN IN THE FLOWCHART.
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D(MCZRWX}

0

I

2

3

4

5

6

7

8

9

10

11

12

50

51

52

53

54

55

TABLE 1.

U6E OF INTEGRATION

ORBIT DISPLAY AND ACQUISITION TABLES

CAPE VECTORS

TTF ORBIT TABLE, ORBIT NAVIGATION VEC-

TORS

DC VECTORS

DC INTEGRATION TABLES

ORBITAL CAPABILITY

NOMINAL VECTORS

INTEGRATION THRU RETROFIRE

MANEUVER REFLECTING VECTORS

APOGEE_ PERIGEE COMPUTATIONS

INTEGRATION ON DESIRED LONGITUDE

MANEUVER COMPUTATIONS (PHASE ANGLE)

INTEGRATION THRU OAMS BURN

NDC TABLES BASED ON GUIDANCE PARAMETERS

REENTRY TABLE BASED ON GUIDANCE PARAME-

TERS

IMPACT POINT

TERMINATE INTEGRATION IF LOG (V_/A)_D

NDC TABLES BASED ON ON-BOARD GUIDANCE

EQUATIONS

REENTRY TABLE BASED ON ON-BOARD GUI-

DANCE EQUATIONS
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TABLE 2.

INTEGRATOR

INPUT

BLOCK

T_

÷l

+2

+3

÷_

÷5

+6

÷7

+8

÷9

+I0

+II

+IZ

T.... +13

QUANTITY

X

Y

Z

X

Y

t

h

A t b

A tf

PZE TLt,N

P,A,T_D

NAME AND UNITS

X-COMPONENI OF POSITIONt FLTG.

PT. GLU

Y-COMPONENT OF POSITION, FLTG.

PT. GLU

Z-COMPONENT OF POSITION, FLG.

PT. GLU

X-COMPONENT OF VELOCITY, FLTG.

PT- GVU

Y-COMPONENT OF VELOCITY, FLTG.

PT. GVU

Z-COMPONENT OF VELOCITY, FLTG.

PT. GVU

TIME OF ABOVE VECTOR

INTEGRATION STEP SIZE

LENGTH OF TIME TO INTEGRATE

BACKWARDS

LENGTH OF TIME TO INTEGRATE

FORWARDS

N-NUMBER OF INTERVALS PER OUTPUT

TL-OUTPUT TABLE LOCATION

P,+O=MIN.

+I=SEC

T, O=STORE

I=DONIT STORE

W

DIMCZRWX)=I,.5,8

APRN

SPACECRAFT WEIGHT, FLTG. PT. LBS

=I0 =II =7,12

_ TXXXXX
D D

A,O=NO THRUST

I=THRUST

D,O=COWELL

I=R°K.
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+14

+15

+16

D(MCZRWX)=50,SI,52 =53

TABLE 2. (CONTINUED)

=54,55

T.... + 13 tRB tRB

+ 14 tiR tiR

+15 B B

+16 D

t

_t

EXPLANATION AND FORMAT OF THESE QUANTITIES FOLLOWS -

APRN - ANCHOR POINT REVOLUTION NUMBER FOR USE

WITH CAPE VECTOR INTEGRATIDN. FIXED

POINT B35.

XO DESIRED LONGITUDE TO STOP INTEGRATING ON.

FLOATING PT RADIANS.

e 0 DESIRED PHASE ANGLE TO STOP INTEGRATING

ON - FLOATING PT RADIANS.

TXXXXX - FIRST LOCATION OF A TABLE OF INPUT QUAN-

TIIIES TO THE THRUST SUBROUTINE. FORMAT

BELOW.

*tRB GMT TO REVERSE BANK ANGLE. FLOATING PT

SECS.

*_R_ GMT TO INITIATE ROLL. FLOATING PT SECS.

B - BANK ANGLE TO BE USED IN LIFT COMPUTA-

TION. FLOATING PT. DEGREES.

D - DENSITY FUNCTION. FLOATING PT.

LONGITUDE OF TARGET. FLOATING PT. RA-
t

DIANS.

_t LATITUDE (GEODETIC) OF TARGET. FLOATING

PT. RADIANS.

*IF, WHILE INTEGRATING A REENTRY TRAJECTORY USING THE
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GU|DANCE PARAMETERS, IT IS DESIRED NOT TO REVERSE BANK

ANGLE fOR INITIATE ROLL|, THEN tRB (OR _R) SHOULD BE

SET NEGATIVE.
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THRUST INPUT BLOCK QUANTITY UNITS

TXXXXX TIME FL PT. SEC

+I FL PT, SEC

• Z FL PT. SEC

• 3 FL PT. SEC

÷4 GMTF FL PT. SEC

+5 GMTF FL PT. SEC

+6 GMTF FL PT. SEC

÷7 GMTF FL PT. SEC

+8 THRUST LEVEL FL PT. LBS

+9 TL FL PT. LBS

+I0 TL FL PT. LBS

+11 TL FL PT. LBS

• I2 ORIENTATION ANGLE FL PT. RAD

+13 OA FL PT. RAD

+14 OA FL PT. RAD

+15 OA FL PT. RAD

+16 CANT ANGLE FL PT. RAD

+17 CA FL PT° RAD

• 18 CA FL PT° RAD

+[9 CA FL PT. RAD

+ZO PITCH FL PT. RAD

+21 ROLL FL PT. RAO

+22 YAW FL PT. RAD

+23 THRUST IND. FX PT

+24 MASS EXPULSION RATE FL LBSISEC
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• •YES
,''. ° •

• BO*X DOES ° .......................
• • • D(MCZRRX)-IO *
o•

°

• *YES
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27, NOCPNI - NUMERICAL INTEGRAIION CONTROL PROGRAM

NOCPNI INTEGRATES THE THREE NEWTONIAN EQUATIONS OF

MOTION TO OBTAIN AN ORBIT PREDICTION TABLE CONTAININGr

AND_ VECTORS FOR SPECIFIED TIMES. NOCPNI SERVES AS THE

BASIC CONTROL PROGRAM FCR THE PROGRAMMED NUMERICAL INTE-

GRATICN SYSTEM. NISUFT DEVELCPS THE INITIAL CONVERGED

SECOND-DERIVATIVE FUNCTION TABLE, USING N2EXCR TO EXTRA-

POLATE AND CORRECT EACH NEW FUNCTION ENTRY IN THE TABLE.

THE N3SDCL, N4DRAG_ N4PDEN_ N4COEFF, AND N60PEP SUBROU-

TINES ARE USED TO CALCULATE THE SECOND DERIVATIVE_ N5OTBI

AND NSOTBL DEVELOP THE RESULTING PREDICTICN OUTPUT TABLE

WHICH CONTAINS THE CONVERGED_ AND _ VECTORS. NSCAPI AND

NSCAPS DEVELOP THE CUTPUT TABLE IF CAPE VECTORS ARE

USED, N7VARS DECREASES STEP SIZE AND CALCULATES F VALUES

FOR HALF-STEPS. (SEE FLOWCHART.)

THE VECTOR EQUATICN OF METION IS -

-* 8v
r - 8__

r
+ Drag + Lift + Thrust

WHERE THE POTENTIAL (V) IS APPROXIMATEC BY -

V { [=1 1+ J" 1 -3 --- 3-5 r
r 3r 2 5r 3

[+__KK 3 -30
35 r 4 .....}
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THUS - aV

BX

OV _V
ar _Y

aV
_Z

WHERE o____y__V
aX r3 -5 + 7 3-7

C3 (Z/4 (Z_2} 7 }
+ K--K-- +63 - 42 +

7r 4

0V
0Z

I-_I IZI 2 _ I 3 (ZI21
-_ J 1-5 + _ -7

r r

K-'K--E 3 Z 4 (4)2} 7}

+ +63 _ - 42 + Y
7r 4 r

i {_E6(rZ---)2r 3

JZ_ (Z) 2]+-_ 3-5
r

+K__Z_7r4 15+63(Z)
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INPUT

A.

B)

C}

NOCPNI USES THE FOLLCWING PROGRAMS -

NISUFT N2EXCR N3SDCL N3TRB N4DRAG

N4SALT N4PDEN N4COEF N5CAPI NSCAPS

N5OTBI NSCTBL N6OPEP N7VARS NTPCAL

NBOTST N91RRB A3TSUP A3MSCP TACAPT

ROCKNR

LIBRARY ROUTINES USED BY NOCPNI -

UIEXPE UISQRT UIATAB UILOGE

I) KOOO. X EQU TMBB_I THE X CCORDINATE IN

FLOATING POINT.

2) KOOO. Y EQU TMBBNI+I THE Y CEORDINATE IN

FLOATING POINT.

3) KOOO. Z. EQU TMBBNI+2 THE Z CCORDINATE IN

4)

5)

KOO. VX EQU TMBBNI+3

KOO.VY EQU TMBBNI+4

6) KOO.V£ EQU TMBBNI+5

?) KOOOTA

FLOATING POINT.

THE VELCCITY ALONG THE

X AXIS, IN FLOATING

POINT.

THE VELCCITY ALONG THE

Y AXIS, IN FLOATING

POINT.

THE VELOCITY ALONG THE

Z AXISt IN FLOATING

POINT.

EQU TMBB_I+6 THE ANCHOR TIME ASSOC-

IATED WITH THE ABOVE

r AND v VALUES EX-

PRESSED IN FIXED OR

FLOATING POINT MINUTES

OR SECCNCS, DEPENDING

ON KOOOTU, MEASURED

FROM MIDNIGHT PRECED-
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8) KOOOOH

9) KCODTB

I0) KOODTF

L1) KOOOTL

12) KOOINP

ING THE LAUNCH.

EQU TMBBNI+7 THE TIME STEP, IN

FIXED OR FLOATING

POINT, aT WHIC_ ORBIT

POINTS ARE TO BE CAL-

CULATED.

EQU TMBBKIe8 THE LENGTH OF TIME TO

INTEGRATE BACKWARD,

EXPRESSED IN FIXED OR

FLOATING POINT MINUTES

OR SECCNCS, DEPENDING

ON KOOOTU, OR THE NUM-

BER OF CAPE VECTORS TO

GENERATE FROM THE AN-

CHOR POINT REVOLUTION

NUMBER IAPRN).

EQU TMBBKI+9 THE LENGTH OF TIME TO

INTEGRATE FORWARD_

EXPRESSED AS KOODTB.

EQU TMBBkI+ZO THE ADDRESS CONTAINS

THE ADDRESS, IN FIXED

POINT, CF THE OUTPUT

TABLE DESIRED. THE DE-

CREMENT CONTAINS THE

NUMBER OF INTEGRATION

STEPS, IN FIXED POINT,

PER OUTPUT. IT MAY BE

ANY POSITIVE INTEGER.

EQU TMBBhI+XI CCNTAINS FOUR INTEGRA-

TION PARaMETERS_ INDI-

CATED BY a BIT IN THE
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13} KOOINW

14) KTHRST

PREFIXt ADDRESSt_ TAGt

AND ADDRESS.

PREFIX - +O,MINUTES

INTEGRA-

TION

÷I,SECONDS

INTEGRA-

TION

ADDRESS - Ot NO

THRUST

It THRUST

TAG - OtSTORE

.OUTPUT

TABLE

ItDO NOT

STORE OUT-

PUT TABLE

DECREMENT - O_USE CO-

WELL INTE-

GRATOR

IpUSE

RUNGE KUT-

TA INTE-

GRATOR

EQU TMBB_I÷12 SPACECRAFT WEIGHT IN

FLOATING POINT POUNDS,

EQU TMBB_I+£3 THE ADDRESS OF THE IN-

PUT TABLE FOR THE

THRUST PROGRAMt IN

FIXED POINT.
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15) KCAPON EQU TMBBNI+13 CCNTAINS THE APRN IN

FIXED POINT IF THE RE-

VOLUTION NUMBER IS TO

BE UPDATED.

16) KGMTRB EQU TMBBNI+I3 CCNTAINS THE TIME TO

17) KLONGD

IB) KTHETI

Ig) KGMTIR

201KLONGT

21) KDLATT

REVERSE BANK IN FLOAT-

ING POINT IF THIS RE-

ENTRY MCCE IS USED.

EQU TMBB_I÷13 CCNTAINS THE LONGITUDE

IO TERMINATE INTEGRA-

TION ON IN FLOATING

POINT RADIANS.

EQU TMBBNI+13 THE ARCTANGENT (Y/X)

+180 ° FCR PHASE ANGLE

TESTS.

EQU TMBBNI÷14 CCNTAINS THE TIME TO

INITIATE ROLL IN

FLOATING POINT IF THIS

REENTRY MODE IS USED.

FOR OTHER TYPES OF RE-

ENTRY, THIS CELL IS

SET NEGATIVE.

EQU TMBBNI+13 THE LONGITUDE OF THE

TAGET IN FLOATING

POINT RACIANS WHEN THE

SLOCED LOOP GUIDANCE

MODE IS USED.

EQU TMBB_I+I_ THE GEODETIC LATITUDE

OF THE TARGET IN

FLOATING POINT RADIANS

WHEN THE CLOSED LOOP

GUIDANCE MODE IS USED.
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22) KTHET3 EQU TMBBI_I÷16 THE ARC TAN. (Y/X)

+360 ° FOR PHASE ANGLE

TESTS.

23) KBANKA EQU TMBBNI÷15 THE INITIAL BANK ANGLE

IN FLOATING POINT DE-

GREES.

24} KMANCL EQU TMBBNI÷I6 A FLOATING POINT INDI-

CATOR CELL FOR PHASE

ANGLE TESTS.

25) KDENSF EQU TMBBNI÷16 A DENSITY FUNCTION TO

TERMINATE INTEGRATION

ON FOR V2/A COMPUTA-

T IONS •

26) KOVECT EQU TMBBNI+16 INDICATOR WHICH IS SET

27} KSNLI T

28) MCZRWX

NCN-ZERC IN REENTRY

WHEN INTEGRATING THE

CCNVERGE O TRAJECTORY.

EQU TMBBNI+IO A FIXED POINT INDICA-

TOR CELL FOR PHASE

ANGLE TESTS.

MONITOR CONTROL WORD WHOSE DE-

CREMENT INDICATES THE TYPE OF

TABLE BEING GENERATED.

D(MCZRWX) = O, ORBIT DISPLAY AND AC-

QUISITION TABLES.

= It CAPE VECTORS.

= 2_ TIME TO FIRE ORBIT

TABLE,ORe IT NAVIGATION

VECTORS.

= 3, DC VECTORS.
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= 4, DC INTEGRATION TABLES.

= 5, ORBIT CAPABILITY.

= bt NOMINAL VECTORS.

= 7, INTEGRATICN THROUGH

RETROFIRE.

= 8, MANEUVER REFLECTING

VECTORS.

= 9t APOGEE_ PERIGEE COMPU-

TATICNS.

= 10, INTEGRATION TO DESIRED

LCNGITUDE.

= II_ MANEUVER COMPUTATIONS

(PHASE ANGLE).

= 12, INTEGRATION THROUGH

OAMS BURN.

= 50_ NDC TABLES BASED ON

GUIDANCE PARAMETERS

= 51t REENTRY TABLES BASED

ON GUIDANCE PARAMETERS

= 52_ IMPACT POINT

= 53t INTEGRATION TERMINATED

WHEN LOC (V2/A)< D

= 54, NDC TABLES BASED ON

ON-BOARC GUIDANCE

EQUAT IChS.

= 55_ REENTRY TABLE BASED ON

ON-BOARD GUIDANCE

EQUAT IChS.

O- 49- ORBIT TYPE INTEGRATION

50- 99- REENTRY TYPE INTEGRA-

T IONS.
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THE THIRTEEN CELLS THAT YUST BE SET FOR ALL USES OF

THE INTEGRATOR ARE AS FOLLOWS -

LOCATION QUANTITY NAME AND UNITS

TMBBNI X

+1 Y

+2 Z

+3 X

+4 Y

+5 Z

+ 6 tA

+7 h

+8 At B

+ 9 At F

(A, T)

+10 TL, N

+ii

+12

0)

P

+ 0-MIN

+ I-SEC

T

0-STORE

1-DON'T STORE

K000.X, FLOATING POINT GLU
I

KOOO.Y, FLOATING POINT GLU

KOOO.Z, FLOATING POINT GLU

KOO.VX, FLOATING POINT GVU

KOO.VY, FLOATING POINT GVU

KOO.VZ, FLOATING POINT GVU

KOOOTA

KOOOOH'_

KOODTB_

KOODTF)
TL- OUTPUT TABLE LOCATION

N - NUMBER OF INTERVALS PER

OUTPUT •

A

0-NO THRUST

1-THRUST

D

O-COWELL

1-R-K

ALL EITHER FIXED

OR FLOATING POINT

MINUTES OR SECONDS

W KOOINW

IN ADDITIOk TO THE GENERAL INTEGRATICN INPUT,

CERTAIN USES OF INTEGRATICN REQUIRE ADDITIONAL

INPUI. THESE ARE SET AS FOLLOWS -

D(_CZRWX)

=I,5,8 =I0 =ll =7,12
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TMBBNI+13 KCAPON KLONGD KTHETI

+14 KTHET3

+15 KMANCL

+16 KSNLTT

KTHRUST

TMBBNI+I3

+14

+15

+16

D(MCZRWX)

=50,51t52

KGMTRB

KGMTIR

KBANKA

KOVECT

=53 =54,55

KGMTRB KLONGT

KGMTIR KDLATT

KBANKA KBANKA

KDENSF

OUTPUT

THE FINAL OUTPUT IS IN TABULAR FORMAT_ EXCEPT WHEN

UPDATING REVOLUTION' NUMBERS.

A) IF ZERO_ THE OUTPUT TABLE REPRESENTS A MINUTE'S

INTEGRATICN, IF NON-ZERO THE OUTPUT TABLE REPRE-

SENTS A SECCND'S INTEGRATION.

B) THE NUMBER OF MINUTES OR SECONDS INTERVAL AT

WHICH ENTRIES ARE MACE IN THE TABLE. THE QUAN-

TITY IS EQUAL rO KOOOOH TIMES KINTVN.

C) THE TIME ASSOCIATED WITH THE FIRST SET OF EN-

TRIES IN THE TABLE, THE STARTING TIME.

D) THE TIME ASSOCIATED WITH THE LAST SET OF ENTRIES

IN THE TABLE, THE ENCING TIME.

El VECTORS ARE STORED X,Y,Z,_ Y,AND Z (SIX LOCA-

TIONS) IN SUCCESSIVE STORAGE LOCATIONS AT INTER-

VALS DESCRIBED BY BI, FROM STARTING TIME C)

THROUGH ENDING TIME C).

THE FINAL OUTPUT TABLE FER CAPE VECTORS AND ORBIT
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CAPABILITY IS IN THE FOLLOWING FORMAT -

A) ADDRESS OF TMCAPE - CRBIT NUMBER CF THE FIRST

CAPE VECTOR IN THE TABLE.

DECREMENT IDF TMCAPE - ORBIT NUMBER OF THE LAST

CAPE VECTOR IN THE TABLE.

B) VECTORS ARE STORED X,Y,Z,X, Y, Z, t (SEVEN LOCA-

TIONS) IN SUCCESSIVE STORAGE LOCATIONS AT ONE-

ORBIT INTERVALS FROM ORBIT NUMBER AS DESCRIBED

BY ADDRESS OF A) THRCUGH ORBIT NUMBER IN DECRE-

MENT OF A).

THE FINAL OUTPUT TABLE FCR TERMINATING INTEGRATIONS

AS A FUNCTION OF LONGITUDE IS IN THE FOLLOWING FORMAT -

A) IF ZERO, TIME IS IN MINUTES, IF NCN-ZERO, TIME

IS IN SECONDS.

B) [NTEGRATICN OUTPUT II_TERVAL, NORMALLY ZERO.

C) BLANK.

D) GMT FOR TERMINAL LONGITUDE.

E) X

F) Y r IN GEMINI. UhITS OF TERMINAL LONGITUDE

G) Z i

H) XD

I) YD v IN GEMINI UNITS OF TERMINAL LONGITUDE.

J) ZD

THE FINAL OUTPUT TABLE FCR MANEUVER REFLECTING VEC-

TORS IS IN THE FOLLCWING FORMAT -

A,x}B} Y

C) Z

DI XD }
E) YD

F ) ZD

r IN GEMINI UI_ITS

v IN GEMINI UNITS
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G) tE ENDING TIME O_ I_TEGRATION ASSOCIATED WITH

THE ABOVE r AND v IN FIXED POINT.

H) O N ORBIT NUMBER OF THE ABOVE r ANC v IN FIXED

POT NT.

IN THE OUTPUT TABLES, ALL VECTORS ARE IN FLOATING

POINT GEMINI UNITS. THE STORE INTERVAL AND TIME ARE IN

FIXED OR FLOATING POINT MINUTES OR SECONDS CEPENDENT ON

WHETHER THE INPUT, TMBBNI_6 THROUGH TMBBNI÷9, IS IN FIXED

OR FLOATING POINT MINUTES OR SECONDS, EXCEPT IN SPECIAL

CASES.

NOCPNI HAS TWO INTERMEDIATE OUTPUT TABLES, TNFUNK

AND TEMNO, WHICH ARE DESCRIBED UNDER ''ERASABLE LOCA-

TIONS.'' TNFUNK AND TEMNO FORMATS ARE SHOWN IN TABLES

I AND 2, RESPECTIVELY. THE ERROR PRINTOUT IS SHOWN

IM_DIATE_ FOL_WING THE TABLES.

THE CONTENTS OF KOODTB AND THE CONTENTS OF KOODTF

MUST BE DIVISIBLE BY THE CONTENTS OF KOOOOH AND ALSO BY

THE QUANTI. TY KOOOOH ÷ KINTVN. OTHERWISE, THE OUTPUT

TABLE HAS BEEN SET UP WRONG.

METHOD

THE NUMBERICAL INTEGRATICN TECHNIQUE EMPLOYED IN THE

MERCURY PROGRAMMING SYSTEM IS THE COWELL METHOD, WHICH

IS IN MIXED PRECISION. THE RUNGE KUTIA METHOD, IN SINGLE

PRECISION, IS ALSO USED. THE BASIC FORMULAS USED ARE

TAKEN FROM CHAPTER I - THE CALCULUS OF FINITE DIFFEREN-

CES, OF ''COMPUTATICN OF ORBITS,'' BY DR. P. HERGET. THE

FOLLOWING TWO ESSENTIAL EQUATICNS ARE DERIVED FROM AND

APPEAR C_ PAGE 8 OF DR. III_RGET'SBOOK -
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1 1 A2 + 31 A4 299 A 6
(hD)-2 = A-2 + 12 240 6048------O 3628800 +" " "

(hD)-I = _-1 1 + 11 A3 191 _5
- 1-2 _ 60480 +" ""

(1)

(2)

THESE TWO OPERATORS ARE APPLIED TO THE FUNCTION F=

h2r {h IS THE INTEGR_ATION TIME INTERVAL) TO OBTAIN THE

FOLLOWING EXPRESSIONS FOR THE POSITICN AND VELOCITY VEC-

TORS -

(hi)) -2 F = h -2 D -2 h 2 r= r

h-1 1 h 2""(hD) -1 F= D r = hv

THUS, r AND hv CAN BE COMPUTED BY EVALUATING THE

CORRESPONDING FINITE DIFFERENCES. IN THE FORM OF THE

COWELL MEIHOD, WHICH IS EMPLOYED IN THE MERCURY PROGRAM,

IT IS MORE CONVENIENT TO EXPRESS EACH OF TI-E DIFFERENCES

(Z_½, APPEARING IN THE RIGHTHANC SIDES OF EQUATIONS (I) AND

(2), AS LINEAR COMBINATION OFF i {BOTH ARE SHOWN IN THE

N2EXCR WRITE-UP)o

THE MIXED PRECISICN SIXTH-GRDER COWELL INTEGRATION

IS OBTAINED BY INTERNALLY COMPUTING THE FIRST SUMS, SEC-

OND SUMS AND SUMMATICN IN DOUBLE PRECISIONS AND THE DERI-

VATIVE IN SINGLE PRECISION. THERE IS A MAGNITUDE CHECK

ON THE FIFTH DIFFERENCE OF THE ACCELERATICN FOR AN ADDI-

TIONAL CRITERION ON REDUCING THE STEP SIZE.
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THE RUNGE KUTTA INTEGRATICN IS A FOURTH-ORDER PROC-

ESS INTEGRATING DIRECTLY THE SECEND DERIVATIVE EQUATION

OF MOTION. THE EQUATICNS, TAKEN FROM ''NUMERICAL ANA-

LYSIS'' BY J. B° SCARBOROUGH, APPEAR BELOW.

X" = f(tn,n,i Xn,i' X'n,i )

Kl,i = hf (tn, Xn,i, X'n,i)

K2, i ( t +h h X' +h ,X' +K21-_i)=hf n _ 'Xn,i + _ n,i _ Kl,i n,i

( h h X, +h X' +_-_-)K3,i =hf t n+_,Xn, i+_- n,i 8"Kl,i' n,i

K4, i (t +h X +hX' +hK3,i,X' +K3,i_=hf n ' n,i n,i 2" n,i

n,i _ 1,i +K2,i +K3,

1 = 6" Kl,i + 2K2,i + 2K3,i + K4,

wheren= 0,1,2,...

i = 1,2,3,...

838



VOL III REAL TIME PROCESSORS PART IT - ORBIT/REENTRY

USAGE

A) CALLING SEQUENCE - NOCPNI IS ENTERED WITH IRA

NOCPN[, THE PRCGRAM EXITS

WITH THE ACCUMULATOR SET TO

ZER(] AND IRA MFCPNI.

B) STORAGE REQUIRED - RUNGE KUTTA HAS 235 LOCA-

C) SPECIAL USAGE -

CCNSTANTS -

KOOO.H PZE

K00.2H PZE

KOO. SH DEC

KOO.MH DEC

KOOOET PZE

D)

TIONS, EXCLUDING TABLES AND

CCNSTANTS_ THE COWELL METHOD

HAS 256 LOCATICNS EXCLUDING

TABLES AND CONSTANTS.

WHEN THE HEIGHT FOR WHICH THE

DRAG COEFFICIENT IS BEING

CALCULATED IN N4DRAG FALLS

BELOW I0,000 FEET, THE AC IS

SET TO MINUS ZERO AND THE

PROGRAM EXISTS WITH IRA

MFCPNI. THIS IS ALSO THE

EXIT WHEN DOING INTEGRATED

ORBIT CAPABILITY AND THE AL-

TITUDE FALLS BELOW 4DO,ODD

FEET, THE IMPACT ALTITUDE FOR

ORBIT CABABILITY.

TIME STEP IN FLOATING

POINT

TIME STEP SQUARED IN

FLOATING POINT

.0012394486 CONVERT SECONDS TO

GEMINI UNITS

.074366916 CONVERT MINUTES TO

GEMINI UNITS

ENDING TIME
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KOOOTI PZE

KOOOST PZE

KOZERG DEC

KO02.0 DEC

K00.25 DEC

KO06,0 DEC

KCSUMM P_E

KO.FOT DEC

KO,FD1 DEC

0

2.0

.25

6.0

KO.FD2 DEC -5.

KO.FD3 DEC [0.

KO.FD4

KO.FD5

KO.FD6

RYSH.2

DEC -I0.

DEC

DEC

PZE

PZE

P&E

PZE

PZE

KTSH, 8

.25E4

K2ZERO

K2ZER(]

K2ZER1

•

-I.

84O

PRESENT TIME

STARTING TIME

STORAGE FOR FIFTH

DIFF. SUM

(DI) MAGNITUDE TEST

FACTOR FOR FIFTH

DIFF.

D|I) FIFTH DIFF,

COEFF. FOR COWELL

D(2) FIFTH DIFF.

COEFF. FOR COWELL

DI]l FIFTH DIFF.

COEFF. FOR COWELL

D(4) FIFTH DIFF.

COEFF. FOR COWELL

D[5) FIFTH DIFF.

COEFF. FOR COWELL

D(6) FIFTH DIFF,

COEFF. FOR COWELL

h12 STORAGE FOR

RUNGE KUTTA

bl8 STORAGE FOR

RUNGE KUTTA

DOUBLE PRECISION

WORD (MSH)

DOUBLE PRECISION

WORD (MSH)

OF ZERO (LSH}
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E)

KDP4.0 OCT

KDP4. X P_E

K.MUTE D6C

KCH233 OCT

MCIVSS PZE

MC IVOS PZE

RKNI1 PZE

RKNI2 PZE

RKNI3 PZ.E

RKNI4 PZE

TEMNO+162 PZE

TEMNO+156 PZE

TEMNO+I3B PZE

TEMNO÷I46 PZE

TEMNO:I63 PZE

TABLES -

TMSTMS

TNSAVR BSS

TN7NI2 PZE

\
203400000000_ 4.0 IN DOUBLE

/ PRECISION

1.0

233000000000

TORKKI+3

TDRKK2_3

TDRKK3÷3

TDRKK4_3

IMSH)

(LSH)

MUTILATION COEFFI-

CIENT

LOCATES DEFINING VEC-

TOR TIME-WISE IN

TMSTMS

POSIrICN IN TMSTMS

BEING INTEGRATED TO

WORK CELL

STORAGE FOR KOOO.H

STORAGE FOR KOO.2H

=0, INTEGRATION FOR-

WARD, _ Ot INT. BACK-

WARD

f=O, DCING APPROXIMA-

TION BYPASS ALTITUDE

TESTS IN N4DRAG.

_Ot VECTOR GOOD, GO

THROUGH ALTITUDE

TESTS

6,F

DESCRIBED IN DODIFC

CONVERGED r, v FOR

LAST TIME STEPS Ti_2

IF O, INITIALIZATION

BY NISUFT FOR NTVARS
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TN71CT P/wE

TNETIM PZE

TN7HSI PZE

TNIFPT PZE

IF l_ ACTUAL INTE-

GRATICh FROM N2EXCR

NUMBER OF TIMES IN-

TERVAL FAD TO BE RE-

DUCED A ONE ENTRANCE

TO N2EXCR

TIME OF LAST r, v IN

OUTPUT TABLE (FIXED

POINT MINUTES OR SEC-

CNDS AS KOOOTU)

IF TIME STEP IS LESS

THAN UNITy TIME STEP

IS HERE IN FLOATING-

POINT UNITS

IF TIME STEP IS LESS

THAN UNITY, PRESENT

TIME FOR r, v IS

STORED HERE IN FLOAT-

ING POINT UNITS

F) ERASABLE LCCATIONS -

THE TNFUNK AND TENNO TABLE FORMATS ARE SHOWN

FOLLOWING -

TRKSRV BSS 6tF

TDRKKI BSS 3iF

TDRKK2 BSS 3,F

TDRKK3 BSS 3,F

TDRKK4 BSS 3iF

TRKDRR BSS 3iF

TRKDVV BSS 3tF

SAVE LOCATIONS FOR

r, v IN R-K

KI, i

K2, i
K

3, i
K

4, i
DELTA R STORAGE FOR

RUNGE KUTTA

DELTA V STORAGE FOR

RUNGE KUTTA

STORAGE FOR R-K

STORAGE FOR R-K

STORAGE FOR R-K

STORAGE FOR R-K
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G}

KOOOTI EQU TEMNO+I52, PRESENT TIME (MSH)

KOOOOH EQU TEMNO+I54, INTEGRATICN INTERVAL

IMSH)

TIME REQUIRED - RUNGE KUTTA, INTEGRATING FOR ONE

PO INT_1750+_, ItN3SDCL )

+tN50TBI+tN50TBL (AVERAGE IN

M I.LLISECONDS )•
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TABLE I. TNFUNK TABLE FORMAT

LOCAT IOi CONTENTS

TNFUNK+ 0 +26 +52 F./h 2 MSH
I

+ 1 +27 +53 LSH

+ 2 +28 +5_ Fi+ I MSH

+ 3 +2g +55 ISH

+ 4 +30 +56 Fi+ 2 MSH

+ 5 +31 +57 LSH

+ 6 +32 +58 Fi+ 3 MSH

+ 7 +33 +59 LSH

÷ 8 +34 +60 Fi+ 4 MSH

+ 9 +35 +6:1. LSH

*I0 ÷36 +62 Fi+ 5 MSH

+II +37 +63 LSH

+12 +38 +6_ Fi+ 6 MSH

+13 +39 +65 LSH

+14 +40 +66 "F MSH
i+1

+15 +41 +67 LSH

+16 ÷42 +68 'Fi+3/2. MS_

+17 +43 +69 LSH

+18 +44 +70 'Fi+ll 2 MSH

÷19 +45 +71 LSH

+20 +46 +72 "F. MSH
i

+21 +47 +73 LSH

+Z2 +48 +7_ X. MSH
I

+23 +49 +75 LSH

+24 +50 +7_ X. MSH
I

+25 +51 +77 LSH
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TABLE 2 TEMNO TABLE FORMAT (SHEET I OF 6)

LOCATION

TEMNO + 0

+ I

* 2

+ ]

÷ 4

+ 5

÷ 6

+ 7

+ B

÷ 9

+lO

+11

+12

+13

÷14

+15

+16

+17

+IB

+19

+20

+2l

÷22

÷23

÷24

+25

÷26

÷27

CONTENTS

Fi+i/2 Y, z)

"F. (X, Y, Z)
I

ZA RFi+ R, OR ZB R Fi+ R

ZA_ Fi+R, OR ZB R Fi+ R

X

Y

Z

F
a

F
a+l

Fa+2

Fa+3

F
a+4

F
a+5

F
a+6

MSH

LSH

MSH

LSI_

MSH

LSH

MSH

LSH

MSH

LSH

F. FROM N3SDCL MSH
1

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

X MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH
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TABLE 2 TEMNO TABLE FORMAt (SHEET 2 OF 6)

LOCATION

TEMNO +28

+29

+30

+31

+32

+33

+34

+35

+36

+37

+38

+39

+40

+4L

+42

+43

,44

+45

*46

÷47

+48

F
a

CONTENTS

(1)

Fa+l (1)

Fa+ 2 (1)

Fa+ 3 (1) Y

Fa+ 4 (1)

Fa+ 5 (i)

Fa+ 6 (1)

F a (i)

Fa+ 1 (i)

Fa+ 2 (1)

Fa+ 3 (1) Z

MSH

LSH

MSH

LSH

MSH

LSH

MSH

ISH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

LSH

+4g

÷50

+51

÷52

+53

+54

+55

Fa+ 4 (1)

Fa+ 5 (1)

Fa+ 6 (1)

LSH

MSH

LSH

MSH

LSH

MSH

LSH
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O

TABLE 2 TEMNO TABLE FORMAT (SHEET 3 OF 6)

LOCATI

TEMNO

ON

+56

+57

+58

+59

+60

+61

+62

+63

+64

+65

+66

+67

+68

+69

+?0

+71

+72

+73

+?4

+75

+76

+77

+78

*79

+80

+81

+_12

+BB

F
a

CCNTENTS

(i)

Fa_ 1 (1)

Fa_ 2 (1)

Fa_ 3 (1) X

Fa..4 (1)

Fa_ 5 (1)

Fa_ 6 (1)

F a (1)

Fa_ 1 (1)

Fa_ 2 (1)

Fa_ 3 (1) Y

Fa_ 4 (1)

Fa_ 5 (1)

Fa_ 6 (i)

MSH

LSH

MS_

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH
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TABLE 2 TEMNO TABLE FORMAT (SHEET 4 OF 6)

LOCATION

TEMNO + 84

+ 85

+ 86

+ 87

+ B8

+ 89

+ 90

+ gl

+ 92

+ 93

+ 94

+ 95

+ 96

+ 97

+ 98

+ 99

+lO0

+lOl

+102

+xoi

+104

+105

+106

+107

+I08

+I09

+ii0

+III

+I12

CONTENTS

•F (1)
a

Fa_ 1 (1)

Fa_9. (i)

Fa_ 3 (i) z

Fa_ 4 (i)

Fa_ 5 (i)

Fa_ 6 (1)

"Fa(X)(1)

'Fa_l/2 (X')

"F6J(X)(1 )

,,F6J-I(x)

Rxa (1)

Vxa (i)

N (1)

T.
I

"Fa(Y)(I )
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MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSI_

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH
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TABLE 2 TEMNO TABLE FORMAT (SHEET 5 OF 6)

LOCATION CCNTENTS

TEMNO +I13

+114 'Fa_l/2(_

+115

+11b "F6J(Y)(1)

+I17

+118 "F6J-I(Y)

+119

+120 Rya (i)

+121

+122 Vya (i)

+123

+124 IRI 1+125 IR2

+126 "F
a(Z)(i)

+127

+128 'Fa-1/2 (Z)
+129

+130 ,,F6J(z)(1)

+131

+132 ,,F6J-I(z)

+133

+134 Rza (1)
+135

+136 Vza (i)

+137

+138 h2 (i)

+139

+140 GI(F I + F_l ) OR HI(F I -F_l )

+141

NISUFT

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSH

LSH

MSI_

LSH

MSI_

LSH

MSH

LSH

MSH

LSH

MSH

LSH
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TABLE 2 TEMNO TABLE FORMAT (SHEET 6 OF 6)

LOCATION

TEMNO +142

+143

+144

+145

+146

+147

+148

+149

+150

+151

+152

+153

+154

+155

+156

+157

+158

+159

+160

+161

+162

+163

CCNTENTS

G2(F2+F_2 ) OR H2(F2-F_2 ) MSH

LSH

ZG k (F k+ Ek) OR _,Hk(F k- Ek) k = 1, 2,3
LSH

O=BACK INTEGRATION,

O=FORWARD II_TEGRAT ION

IR2 N2EXCR

IR

KOOOT I

KOOOOH [FLT.

MIN. OR SEC.)

h I)

WCRK CELL

WCRK CELL

J {I)

IR4 NISUFT

WZRK CELL

0 GO THROUGH CALC.

0 BYPASS ALTITUDE

MSH

MSr_

LSH

MSH

LSH

MSH

LSH

IN N4DRAG

CALC. IN N4DRAG
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NUMERICAL INTEGRATICN ERROR RETURNS

THE FOLLOWING ARE THE TYPE OF ERRORS WHICH MAY OCCUR

IN NUMERICAL INTEGRATICN.

101 ERROR IN FIXING TIME DURING EACKWARD INTE-

GRATICN. (NOCPNI)

Z02 ERROR IN FIXING TIME DURING FORWARD INTE-

GRATICN. (NOCPNI)

103 ERROR IN COMPUTII_G GEOCENTRIC LATITUDE,

(NOCPN I )

104 ERROR IN COMPUTING LONGITUDE, LATITUDE AND

ALTITUDE FOR IoCI__BOARDIO EQUATIONS.

(NOCPN II

I05 ERROR IN COMPUTING VELOCITY MAGNITUDE.

(N4DRAG)

106 ERROR IN COMPUTING LONGITUDE, LATITUDE, AND

ALTITUDE FOR DRAG, (N4DRAG)

I07 ERROR IN FIXING TIME FOR TOOINC. (N4DRAG)

108 ERROR IN COMPUTING COMPCNENTS OF LIFT.

( N4DRAG |

109 ERROR IN COMPUTII_G LOG (V2/A) (N6DRAG)

I13 ERROR IN COMPUTING DENSITY. (N4PDEN)

lI5 ERROR IN COMPUTING VELOCITY OF SOUND.

(N4COEF )

[16 NO C D OR C L IN TABLE FOR MEDIUM ALTITUDE.

(N4COEF )

117 ERROR IN COMPUTING C D OR C L FOR LOW ALTITUDE

CASE. (N4COEF)

119 ERROR IN COMPUTING LONGITUDE, LATITUDE, AND

ALTITUDE FOR VECTOR AT KOOOTA. (NSCAPI)

120 ERROR IN COMP_TING LONGITUDE, LATITUDE, AND

ALTITUDE FOR CAPE VECTORS AT KOOOTI.
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121

122

123

124

125

126

(NSCAPS)

ERROR IN COMPUTII_G RANGE. (N6OPEP)

NON-CONVERGENCE CF INTEGRATICN PROCESS,

(N?VARS)

ERROR IN CN-BOARC GUIDANCE EQUATIONS.

(NTPCAL)

ERROR IN MANEUVER PHASE ANGLE TESTS,

(N8OI"ST)

ERROR IN FIXING TIMES FOR OUTPUT TABLE,

(NSOTS1.)

ERROR IN THRUS1.ER, (ROCRNR)
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• START

.e**otH* *Hat

NOCPN[

INITIALIZECELLS FOR

• SUBROUTINES •

• AIKOOINP) •
• INTO KTORNT°•

IIKOOINP)INTO KDONTS

• •**HH* *cOt•

i PI"OONPiINTO KDOOTU
O(ROOINP)

• INTO KRORDP •
IOlOlttlt ! II!!!

OIKOOOTLIINTO KINTVN

. * + i

• MC ZRWX *NO

REENTRY OR RETROFIRE I • ........

D(MC ZRWX) =7,12, 49-99

• _ES

1*•* • • IS THIS •NO •1* • "NO

*BO*X INTEG. THRU • ........ +EO_X " _S A_T tT • • ........

_*OOK.• THRUST. •
1••1 •KTORNT NOT,O •* •

C,ES ", ;ES
.i
:+
-+.

............. 3 _ SBT RBINIT. -

iSET°PINPUT TRREATFOR ROCKP-R _ CELL l INTO

• il
:x .................

• _TT. THRI_ .NO ***_**'*f'•****"
• ONBOARD EQ. _SEI TO [NTEG._

* D(MCZRWX) = • ....... * 12 SBC 12
• • INTO DIE

• 54, 55

_'ES "_

:i

NOCP5 • •

+_ONVGEODETIC *e • IS THIS "NO • • "NO _i°..

• LATTOfiEOCENTRIC.• REENTRY • ............ X IS KOOOTA IN •x AO *• FLT. Pr. - *854°* OINCZRWX)-50, •

• 95 • * • • "••+"iiiiiiiiiiiiiii I

, "_ES "_ES

• • YES

IS KOOOTA IN • ..................... x.
FLT._ PT.

* m_q{ ]

• ll.•o_ lie°l°*_'''"•***''"Z
e• INTO BANK 0• _ flLT.ROOCTA
* DENSTt +97 • KOOOOHt • ................ * ....... X.

: INITIALIZE : * K OOOTB. *FOR NTPCAL
............... : .... KOq0OTF*H:

°°t•°°°•°*°°.°• * ° ° *

• oN•

IS KOOOTA °

i KAMAS$- * °
REENTRY AREA• ........... ° FLOATING PT. • ........

XKNASAR e .. • TIME

:.............- ::

o.

*****•••• t •° q*•

_KARBSS" ORBI T_

• AREA XKNASAR•

°*=°*°*** I °•*_=

°X ......... ° ......
.

***••******•***

: KCO.CN- :
• KAMASS/
• WEIGHT *

m t

: ............ : ...
KBANKA INTO • *KBANK RBANKA*,.,X BOA

• INTO BANK • * *

: ............. : .-*

_'es

• SET FLOATING•
• IND° FOR • ...........

: A_NSCP : ::

,+

+

* SET FX.PT. *
• IN01CATOR FORe
* A_MSCP *

_X..... .......... •

X
ot°_•••*eoo•_e*

• * CORP. H FRCR • •••°e
ANCHOR PT. •oX COl

• TA, RA USING • • *
• A3NSCP ° •••

_••°•••°•°•°°°_

• A3BUF

_.°.•••°°•°+°°°

_•°°°°°°•*°••°_ +•°°

• CHANGE (SAVE It • •
• INT, TO PLT.•...R A2 *
• PT° ° °_5_•

° **••

1.°1°*°°••1°*°°
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• e• _e•,*•e,*Q**•,_ e• ,•'•e'•'•e''we'•e

•*•AO•.X • SET FX,PT. • * • • * PUTANDIN_TIALvINTnR

INDICATION O• •BDeX INIT, FOR i• DESIREDINTO KFLOF • • • • STORING OOTPU| TABLE

• *• • X÷A3BUF * •• NSOTBI
• •***e•••eHeo* •He•eIHHHe•"

.. :.............:
• • • SAVE TIME •

• OO-..x• OUTPUT STEP •

• • _ KINTVN INTO
• • XRI,XR2

HtHH.•**I...

_e•*•,•ese••••_

CHANGE H TO •FLT.PT, MIN.*

OR SEC. FOR *

• ROCKNR *
•HHIielO•*•ew

... :.............:
• • * COMP, H/2 IN•
CA2 o,X• FLToPl MIN•

OR SE_ FOR
_e* ° _ ROCMNR

*,t•leeooI•Hee

e

• •NO
• *

l IS TIME IN l .......

MIN KC00TU,0 •

_E S

• SET IM STEP•• INMtN_oE.............
• GEM. UNITS e
• - Z
H•,•••••e•,••e .•

i
eeH.e••••e,ee*

_SET TIME STEP:

r0 FLT° PT,GEM, UNITS

ee••,•eH • HH_

iX ................

H,*.eee•.eeoe*

• DOUBLE TIME *

:STEP AND SAVE :

:H2_TOKoo.2H:

•••e,ee•,e•,eee

:SET-TA : T, : _TH R^vA
• SET UP DUMMY e TNFUNK AND

FUNC. TABLES _ TNSAVR

ICONPUTE H AN0,

HI2 IN EN.ONI,_ :
•eeeeeeeHH*••

" CAPE • •YES •'•

• _ECTORS OEN. •

KCAVEC/0 ._El:
• • •

• e•a

e

• :.!.o.......:•;;:

•. :'•IH:_I;_;':
:B_:..x:COwELL_B(PASS ALE •

• • _ TESTS 0 BNTO•
• • TEMNO÷|EE •

••e•.e•eHHH•

• •

• eYES

• IS THIS •

• CCWELL INTEG • ........ .............. ..'

• KROROP'O • °]

i!

°:

• DPSTT
• I e e q• • • • •*•H••

• * IS THIS *NO _ SOT TNTNI2-O:

RUNGE-KUTTA • .............. X, TO INDICATE •
INTEG * • INST. •

• KROROP'O • ee• eee •••oeee e_Q w

.3
-i

e• _•••. i HHIH
••He•H•H*eH

•* EXIT : ," SEE uPFUN_TION •
• RUNGE-KUTTA • • TABLE N• SUF T

• •*e••,Hee*ee• • •
• • _w •e•w •H.••*

:i

• • NIERRI

• H• eYES •
• i

• I_ THERE AN e_( C0•e

ERROR • .857e
• • ••e•

a •

. _o
:i

•••geeel•••HH
$_T-TNTNI -L*

: TO INO IN_T •

: O0t_[TIABLESFoR :

:....;."IL%.,.:

:i

• DOEOR

_ • ,NO •• "1 8AOKWRRD • *_ e•e

• INTEG&ATION eX 80 *

• ••

• _ _¢ES

• SET TEIENO* 166•
• NOI'O •

: I NOIOATINGBRC_WARD _

• INIEG. •

LASTS

• SET UP _ •••••

ee FUNCTION e**.X 00•

• TABLE FOB • "

:_V_,'&_,_....: ""

8S4

• • DOW7

• * " ,NO HH

• CONSTANT • • •

• CUTPUT STEP •x A8 *
MCIVSS'0 • •857•

• • e,*.

•o
• _ES

•NO
• ARE C,V. •

• BEING GEN. • ........

KCAVEC NOT-O •

" _ES

e••e•e,eee•••,•

e* CAPE VECTOR *,

INIT° FOR
• BACK N,I, • •

NSCAPI •

ee•He•eHHeH

iX ............. .••.

DOWN •
• •

:.... • .N? :--%
• OR • IS h UNITY• • • TNTHSINo...."_d_."
• •• • • H•I

• •

• • _ES

oowz
••H••_,He•*•*

:
• h _T UNITY •

t i t I -h •

•e•eo•eo•••e•H

• •*••••••e••••• e

ee • t I INTO

FIXED POINT •e

FIX

• ,•,,•,eee••••*e e

• • NER|

• eyES ee•e
• • •

• IS THERE AN eX EO••

ERROR • e85Te
• • eeo•

• • _lO

A
• 00W 3

e
• • •NO e,•e

• EX HANGE A • • •

,ENAINOER.0 • "-S,,-'X'*
• • •e••

• _ES

OOW3
• • •

: •see sees•so e *•,,

A E A • • •

i PReSeNT _IME ..... Al 6
(KOOOTII • •855e

: ............. : ....
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:--. : CO_PUTE :
:AOX: t i =t I -h *

O0W3

m*, " CALC THE F. •

:Al" .X:_,V VALUES :

:... : N2EXCR :

• • IS THIS •NO

RETURN Z 4 OF * .......

N2E X(_R ""

• _ES

CHGT1

• ••• • INCREASE NO.•

• A3e..X• OF INTEG

• • • STEPS PER •

• e • OUTPUT •

• H*H•Om••• eO•

A(KINTVN)INTO XRZ :

• X .................

SAVR X FLPTZ

• " " SAVE_. _ •

:AS: K:TI_ESTEP :
• ,'" ,t. - 1 INTO .

"" :._:_A ....:

DDW2

• KAPU2

• ,YES ,,,•

• IS INIEG • • •

• FORWARD -x AO •
TEMNO_I_6=O • iS56•

• DOW_

• •NO
• ARE C.V, • •De•

BEING GEN. ,X AO •

• KCAVEC NOTED • •85_•

_ES

DOFOR • e

• IS FORWARD • • • • INSTBS TO •

• SO • INTEGRATIEN • ........ •CO•..Xe kNTE$. TO •

• • NEEDED KOOOTF • .• • • MCIVSg INTO -

• •• • NOT-O • •• e NC_VOS •

• CHECK LCNG. •

TO SAVE CN

• BACK N.I. •

NSCAPS •

DOWN

• • " •NU oDD,

• IS ROUTINE " ,_ B4",
FINISHED • •85W•

• • _ES -'•_•

.......... x• AS,

$AVR

CKTA TURN

SET •

: r E:T A 1.; AZ-
: : 1_"

A
••H••H••••••W

SET ti - T A

• TE-T A :

• • •NO

IS h LT UNITY * ........

• TNTHSI NUT=O•

_ES ¢

• SET TNIFPT=TD,

• PRES. T SHOW h •

• LT UNITY •

,TNIEPTffiKOOOTI,

:X .................

SETTENNOi
1_6-0 iND

• FORWARD NUN •

• INTEG •

• SET UP *

: FUNCTION :

• TABLE :

H••e••••,H••m

: SAVE rA, v A :

• AT IA INTO .... i

• •YES •••
• CONSTANT • •

OUTPUT STEP •x C6:

NCIVSS=O • • •
H•

• • •NO H•

• IIS BACKWARD •

INTEC -;C_:
DESIRED •

• KOODTB NOT•0 °*•••

• :ES K"="

LASTF

:i

• SAVS XR4 *

,i

:i

:i

: CALCNOOP:• STBPS ¥0 NEXT •

OUI[PUT NSNTVN

q q

:i
:i
:i

• R:BSTORE XR_ _-

:i

:i

.*•'* : SaVE ND. OF _

.*C4,..X• STERS TO •
• • • •OUEPUT KINTVN•

• * :'-,_-"_L:::--:

• * •NO
• AR_ CAPE •

• VEOTONS BEING • ........

GEM _CAVEC •
• NOI-O •

• '< _ES

:i
•:

i

• C,R, [NIEG, IN •

PRDC. INIT.

• FOR FORWARD *

_X .................

KAPUT •

:**. • - *NO

• ••• • "HAS AC SEEN •N_O

cOO-x E ){CHANGED • ........
• • * WITH MQ AC=O ,

_'ES

• SET PRES. •

: T,_E :
: t i = C(MQ)

.

KAPU_

• • * N2EXR

• • CHGI1

• ND -•-

• * IS THIS A * *_ A3;
NORMAL RETURN * •

• . ;ES K''=:
SAVR

KAPU)

: SET : ***.

• CT • IS h LT UNITY • .............. x* ti=t[+h. •...X D2•• • • TN/HS_ NOT=O•

• :..,_ES

KAPU|

• CHNG T TO FX PT
• 1

• FOR h LT UNITY *

• •t i : ti + h FIX

• ••••••¶•H••.• •

• NERZ

• ,YES ••••

• • IS THERE AN * *'X- DO**

ERROR .857"

£ ......... x• OO,

,°,
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• • • •• *•• ••••••*•

:**- • * • T|.e F R * **** : TDR DUTPOT:•ao - BttH_DE_,*N'°
• KCaVEC NDTqD •......***..*.,...*. ....... * ..... • ..... ,......X DUtPUT XR(_=TD • ....... *DOt..X• TINE STEP •

• • • o OR•T| • , • • • AIKINTVN) •
• mE • •

• '_E S

• • KAPUT
oeDo eoQ • e* •

• •H• •. * INTEG. oYES **••
• C.V. INTEG LN • • • • •

• PRDC. CHECK • ........... *X CONT_qUDqG

L N * AVE N_ofN,fo_.f. • • ":d_."
• iImi*• •• • •

• _.0

...................... °.°.°.°...°.

_URN • •

• *NO
o••• • ERROK OH • •

eAl • PREV. RaGff • ............. *l• ORBIT ExIT •

•".-" " • GEHo_IECTNTo- • • ," SET AC-,O •
••••H••m•••mH

• • _£S

ET _ ........................ X.
aCq,-_INIECTI•

• •H••*•• • *••••

• ¶ _ES

*•* • 6 •• •l•Q • _• 9

• SET tE = tI ••

e• F, _ INTO •

• OUTPUT TABLE ••

• * STPS-I

• • • •NO •••

• AVA I "ABLE • •

• O TP STEP •M_IV_t NOT'O • "X DO:

.i

s_6
• • •Hm••*t, q,m•• II

::;:..K" ., :
• • • xt_qa_iic i VOS I •

• • • • •H •••• _ • • •

.i

• TURN

: •• *YES •••

• " I XR_wT(] OR : •_ az:
tt I * *

"i

• (At G.ID. OF •
TBPS lid N_'XT

• • _UIPUT NSNTVN •

"1

I

E_NE ST£P •

K)NTVq INTD •
• K_tl *

°,

• • KAPUT

• _UREV'Tc_A •NO ••••

• m SAME AS • • "

• P.E_ToA , ":._l."
• • •tee
KINTVN=XR1:0

e_ YES

• • $ T_]RE •

• PREBID S
• VBC TON A_AIN •*

• HSBQT •

• • STP6
e •

• VE S

• I'S THIS AN el C_ •
ERRDR • • •

" ....... ..X* DOe

SI"PS-I

856

: eX|t :
• MFCPHI •

oeeeeoeeee•oe••

:...P.:.%x.._L.:

......°. ....... X:

A
STP_ • • KAPUT

• _ONSTANT" •NO •••.

• OUTPUT STEP • _c'r• "

• M_s_o ";,_."
• * **H

• • _ES

• KAPUT

lye S el••

• t E LT t I •_ C T••
•BSS•

..... ,....X• a2•

TURN •••
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DOW4 • • OUR5 NERI NLAERRL
*• • • *** •*•

• NO it_ it• ••• e•etetiQie_ N _ I P:".." T,REPR- ": j :
"AO • OUTPUT XR_'TO "_ B3: :B0".*X: SET XR4"[ o*.......... e* *,. SET RR* " l*

• • • OR LT I • .*••* • • TTETT
• •• • • • • _••i t .*e.ee•Ho•eim•. m

• _ES

• PUT VECTOR e•

INT OUTPUT •
* BL_K NSOTOL •

•***•m*••••••*•

DOWS-I *••••••••*•*•**

o •NO !

• VAR|ASLE
OUIPUT STEP •**** ...... *o**Xe |NIT* SET •

* FOR O.C* • • XRI=K|NTVN •
• MCIVSS NOTqO • •

• •••••a*••*a•e*•

DOW6

.*** : ............. :
• A3*.oXe* SET XRAqZ°$ •e

• • • (NCIYOS) •

• OOFOR

* IS LAST *YES **mell.
• THSTNS ENTRY •X BO *

• NEG * eSS_*
• *•••

• _o

OURS * * COWN

• •NO ****
• eLm m CONSTANT • •

• B3qX OUTPUT STEP •X D4 •*
• • • RCIVSS-0 * *BS_•

• • _ES

*

A
• • DOWN

• • • •YES •*••

• * t E LT t I * •_ D4 m•
• •854•

• . _o :••'.
...... .***X* BO •

•8S5•

00FOR

NER2

•

• DO **X* SET XR4u2 •

lq A • • eli•co•co•e•

:
............ _..x_x ...... , ............... • ........ :

NLIERRI_| • * NIERRZ * * • •
• m

• me • eYES • eND **•
• • • IS )NPUT • • HAS PREVIOUS *
• CI • VBCTOR FROM *** .... ******X ERROR •_ D2_
• • i D_C° qCOCCT * OCCURRED * • *
• l,* • NOllO • qNEECT NOT=O• ere

•, A, • ;ES
J

_x.............................. ,:

Q • _Mm •*• • ••* Q••*

* •me. •SET DINIECT) 2•
• _T AO=NIECT_ *O2•*aX• C(XRA) S S •
• _CqR_6| * • • •LAST D.C* _ET•

• • •• cue N[EC _2 •me_qqspqee_•ee * •ie••• •Ice•

t• • • •e **e • go••••*• ••••

: _ST : • EXIT :
• MFOPN| • _ •NOCPNI+I

• CALC. NO. OF *
• STEPS TO NEXT *

OUTPUT *
• NSNTVN,6 •

: SET *

*XRI_ACKINTVNI•

• DOWN

• _REV. • *
• TCA •N_ _***•

• SAME AS CURREHT •X D4 •

• •TcAXRI : 0 . " :_t_"

• _ES

oow7 _ DON6

_*•• •* STORE *• * *
• A8 * PREVIOUS •X k3•

VECTOR AGAIN
_••• •• NSEQT m • •*el m

857
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**eetee. e._ **m• •

START

• RUNGE RUTTA *

• e.• .•*****•
moo• : SAVE ro, v 0 •

*D0**6X• TNFUNK INTO •

•, : TRKSRV

• q

• " •NO
• •IS THIS SEV. •

• NO* UPDATE • ........
• KCAVEC NOT-O•

• _'ES

J_
****•***** ** l* !

[N|T. NSCAPS •
t • FOR REV. NO. •

• UPDATE NSCARI *

:X ............ o ....

i "SET TSTE2 :
NOT*0 IND.

• ACTUAL INTEG.•
• TAKING PLACE•

SAVE KINTVN
AS THE NO. CF

|NTEG. STEPS
PER OUTPUT

h , h

B = Xn, i + _-Xn, i + _- Kl, i

INTO x i OF TNFUNK

.NTV_xs_IMToINTOT x;i+ K_
AIRNZ3|

INTO xi OF TNFUNK

:'"_ ......
: K1. ,=I'd(*n, Xn, |x_, i )

:(I_ n i) INTO TDRKK1

:*"_7":
: AnD :
• STORE •

• CALC. *

: AND :

• STORE •

: ............. l

RKIZ

• AS • IMTEO.
• DESIRED

• KOOOTF NOTq6

_D

• I RK9

• " *yES : ....... ''*'*':
• "1S BACKtdARD • •MOT-O TO 0. K.*

• I NTEQ. * .............. X- TEMNO+ k.6 * ......................... A
• DESIRED • • NOT=O $_T T • 2

• KOODTB NOT'tO UNITS -h TO h * '

• * o:

i ::
• ,

• • • •YES • SET TEMNO +146 :O. _,

• IS FORWARD •
• .............. x: TA INTO tI' tE ..................... .;..X'_

TNSAVR INTO TNFUNK

• STOREAnChOR•
: TIME AS : K00TA INTO KNETIM
• END TIME • tA tE

TURN-Z

• • • -NIECT OR AC•
eAT ..X* - O FOR *

• •.• : NORMAL ORBIT•
EXIT *

i EXit
NFCPNI

:i

RRZ _,

:''- ; Hi2 ISTO ;
• 06 **X • _TSH*:2 H/6
• * • INTO MTSH.8 :

• _t •

qoe• •@• e•oeeel

:;

: SeT ,:oR ST :
• APRSDX | _MrO*

• TTBST •

• i _ ere 41 ••eeeee

• CALC. DERIVATIVE *

.
• • NiERRI÷I

: •
• l THBRE AN .X _."ERIOR • 0

, .';;.
.] ......... * •

••o

8S8

SET FOR 2N0
RPPROX.z :..._ so**
INTO TTEST * •859•

F n i ( (t n, x n, t, Xni)

n 0, 1, 2...

i 1, 2, 3...

N3SDCL
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.... .•..
_AO°, • f(a, _,T) =BO*..X,

*F =fit x .x' .) , , , STORE_,•• •a,l n a,l n,l ••

Q tn i• _**J•••,e,•,m,e

N3SDCL @ = x_ . + K 3 .,l ,l

• INTO x i OF

TNFUNKBLK

• * NIERRI÷I
• _*HHetHOHe*

*YES "==•
• * _ SET FOR _th

• IS THERE AN m_ CIe• eAPPROX _ IkTO•

ERROR •857" * TTEST *

;0

STORE IN TDRKK2

K2, i = hi (tn +h, xa, i +

h , h .

_Xn, i+_Kl, i ' xa, i+

KI, i/2

i

COMPUTE
ee AND STORE •

• K2, i

INTO X. OF TNFUNK

APPROX• }
INTO TTEST

• CALC. DERIV.•

• • Fn, i = f(tn' Xn. i' X'n, i)

"_3SDCL

• • NIERRI÷I

• • eYES •e••

• • IS THERB AN * *_- CI "•

ERROR •857•

NO

• * CALC. DERIV. ••

*•Fn, i - f (tn' xn, ix'n, i)

N3SDCL

NIERRI÷I

• ,YES *••*

• IS THERE AN • •_ CI*•

•. ERROR. :;_I"

A,

• STORE IN •

:TDRKK4 BLOCK :

K4,1" : hi (k,(_ .@)

" STORE IN _ _x'i = h [ x' . + •a.l •
TRKBRR

:.............:_-_Kj,_I
j=1

RKI3 • *

• • * *Yes _'*'*****•''•'_

• *i• • RRI=_I.NTVN • • •

• CO•X INT_ AC o., ............ XJ t.TNTO tE •
• • • KINTVN'I * 1

NO

• OUTPUT F, v e

• _TO TABLE (TN1NT2} •e

• N503_BL

:_

RKI4 ••,_••e._•••.••.

KINIVN"
_K INTVN-[ INTO•

XRI

• ............, -

:i
:i
:i

i"
I IHI_ • •

• EOR_A&O N.[. • ............ X _ DO END TESTS •
• TO_NO_.I46 t0 • NOOTST

• ¶ _ES

:i
RKI6 X * RKIZ

• l DO ENO TESTS • • • TRA l,@ • l_ ASe•

N_OTST • • tfl_se

.......... X• C6 •

•858.

• • TURN-I

• • _ES ;****
-'.......... x* C6 •

*858•

RKT

• STOREIS : _ [ _' =+
• TRKDVV _ 2(K2, i + K3, i ) + K4, i ]

:"*_5_£'_"*:
TDRKX3 •
BLOCK

h •h X' +

K3, i = hl(tn + 2' Xn, i + 2- n, i

CALC.

X=ti = ti+ h _

:..3.;,_.-;_....
• t.+h

_Axi_+Xn, i INTOX i OF

• TNFUNK

RKI3

COMP. FOR * "•_

ti+h ;•.._( CO_

Ax i + x_, i INTO x i OF •.•

TNFUNK

•"_:t_";W*: *'"
STORE :o.•; BOa

O- Xn.i + hXn, i + _ ••,••

h K3, i INTO

X i OF TNFUNK BLK

859
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28. ROCKNR - THRUST PROGRAM

THIS SUBROUTINE COMPUTES THREE EARTH CENTERED COMPO-

NENTS OF ACCELERATION DUE TO THRUST BASED UPON INPUTS OF

THRUST DURATION AND MAGNITUDE FOR A VARIABLE N ROCKET.

A CHANGING WEIGHT IS COMPUTED AT EACH TIME STEP. (SEE

FLOWCHART.) ROCKNR USES SUBROUTINES -

U3MAT

SIN-COS

ARSIN

VMAG

U3DOT

UNITV

U3XPR

METHOD

A)

TIME

VELOCITY

MASS

DERIVATION OF THRUST ACCELERATION.

CONSIDER A ROCKET AT TIME to AND A SYSTEM COM-

POSED OF GAS PARTICLES AND A ROCKET AT TIME tO +At

ROCKET GAS PARTICLES ROCKET

to to + At

V V+AV -9. V+AV

M AM M- AM

THE LAW OF CONSERVATION OF LINEAR MOMENTUM GIVES

MV - [AM(V + AV - w) + (M - AM) (V + AV)] = - Z FexternalAt

AV AM
MAt - EFext.-co A-'----_

/¢ = ZFext. wlVI
M M

860
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THE ACCELERATION DUE TO THRUST IS

M
A T = -W_M

WHERE WE ASSUME W IS A CONSTANT GAS VELOCITY.

FOR AN INTEGRATION STEP

w AM
AT _- M At

ASSUMING A CONSTANT RATE OF CHANGE OF MASSMoAND

-c_M At)
BURN DURATION_'Dt EQUATION 2 BECOMESe AT"_ cD0_M

2)

3)

LET toM c = T>O

T Dt

THEN A T = _ _-_

FOR FURTHER ACCURACY WE CONSIDER A VARYING WEIGHT,

M(I) + M(I+I)
MAV = 2

MAV = 2

M(I) + [M(I) M e- Dt]

EQUATION 3 BECOMES,

T Dt T Dt
AT = g _t- MAV At WAV

FOR THE CASE WHERE THERE ARE N ROCKETS POSITIONED AT

ANGLES OF O(_ FROM A DIAMETER OF THE ROCKET, AND CANTED

AT ANGLES C(1) WE ARRIVE AT THE FOLLOWING EQUATIONS AND

CAPSULES AXES.
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Yc
X Axis going into

__ Z c paper through
Zc longitudinal axis

I axis of rocket.

0 (i)= 90°

0 (2) 180°

0 (3) = 270 °

0 (4)= 0 °

X

Z

Y

e(I) =

CII) =

AXIS THROUGH THE LONGITUDINAL AXIS OF THE

ROCKET

AXIS IN THE VERTICAL PLANE

AXIS CHOSEN SUCH THAT X x Y = Z

ANGULAR DISPLACEMENT OF THE ITH ROCKET FROM

THE DIAMETER

CANT ANGLE FOR THE ITH ROCKET

THE EQUATIONS IN THE CAPSULE, COORDINATE SYSTEM ARE -

C = -g- L T(I) cos C(I)x Dr(I)x at w(1)
I=1

C
Z

N

= +A--gE-t_, T(I) sin C(I)x sin 0(I)x Dt(I)W(I)
I=1

N

W(I)
I=1

sin C(I) x cos (J(I) x Dt(I)
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WHERE

T|I) _ THRUST IN LBS {SEE OPERATING INSTRUCTIONStD)

Nil) = WEIGHT IN LBS = WEIGHT AVERAGE

C(I) = CANT ANGLE IN DEGREES

Dt(I) = BURN DURATION IN SECONDS

At = INTEGRATION TIME IN SECONDS

g = 1.00085551 - ACCELERATION DUE TO GRAVITY IN

GEMINI UNITS

THE COMPONENETS OF ACCELERATION IN CAPSULE COORDI-

NATES(C x, Cy, C z) ARE THEN CONVERTED BACK TO THE EARTH'S

COORDINATE SYSTEM BY THE FOLLOWING ROTATIONS - (SEE OPER-

ATING INSTRUCTIONSt E.)

°_.o/k__ o o_I\o o o -_ o_ o /

AND

i__ __ -il
(Ex, Ey, Ez) = (Cxo Cy ° Czo ) -U x -Uy -U z

-R_ -Ry -R
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B)

USAGE

A)

B)

WHERE

"y : FLIGHT PATH N,_GLE

ol = (_ + PITCH)

E) = (T + ROLL) = (22.5 ° -R)
R

@ = YAW

T = ROLL ZERO

: _ X _ UNIT VECTOR

R" X (_ X _) UNIT VECTOR

= RADIUS UNIT VECTOR

(C C C ) : T._HRUSTACCELERATION ALONG R, R X _ N_D
XO YO ZO R X (R X V)

(EX Ey EZ) =THRUST ACCELERATION IN EARTH CENTERED COORDINATES

REFERENCE - PAPER BY ED ROSS AND ART FUCHS

NOTES ON SUBROUTINE THRUST FOR THE GEMINI RUNGE

KUTTA INTEGRATION PROGRAM.

ACCURACY - l DIGITS

CALLING SEQUENCE -

TSX ROCKNR

PZE OUTPUT ACCELERATION

ERROR RETURN

NORMAL RETURN

STORAGE REQUIRED -

396 + 8N LOCATIONS WHERE N IS THE NUMBER OF

ROCKETS.
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C) ERROR CODES -

THE ERROR RETURNS FROM ALL SUBROUTINES USED BY

ROCKNR TRANSFER TO (2,4) IN THE CALLING SE-

QUENCE.

CODING INFORMATION

A) CONSTANTS -

K022.5 DEC -.39269895

KOODR. DEC .01745329252

KOO.GG DEC 1.00085551

B) TIMING -

t = { (4 costs + 250 cycles 2.0 x 10 -6

sec
+444 cycles 2.0 x 10 -6

cycle

-22.5 DEGREES

DEG TO RADIANS

CONVERTS ACCELER-

TION TO GEMINI UNITS

see
)N

cycle

+ [6 cost + U3DOTt + 2VMAGt + 3UNITVt + 4U3MATt + ARSINt

+ 2U3XPROT ] }

t _ 1.14N + 5 millisec

for N = 4, t _ 9 millisec

CHECKOUT

THREE HANDCHECKS WERE MADEt ONE OF WHICH COMPARED

WITH A CHECK MADE BY THE ANALYSIS SECTION USING THEIR

FORTRAN THRUST PROGRAM. THE OTHER TWO CHECKS COMPARED

WITH THE HAND CHECKS TO 7 DIGITS.

OPERATING INSTRUCTION -

A) THRUSTER INPUT TABLE -

THE ADDRESS OF THE THRUST TABLE (TRUSTS IN EX-

AMPLE FOLLOWING) IS STORED IN LOCATION 14 OF THE

INTEGER INPUT TABLE. FOLLOWING IS AN EXAMPLE

OF INPUT TABLE (GT-3 VALUES).
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GENERAL INPUT UNITS

OAMS RETRO-FIRE

NOMINALS NOMINALS

THRUSTS _TIME 1 FL. PT. SECSo A(TMANUV÷2) 5°5

+1 _t 2 A(TMANUV÷2) 5°5

÷2 _t 3 FL. PT° SECS° O. 5°5

÷3 _ FL. PT. SECS° O° 5.5

+6 GMTF 1 FL. PT° SECS° TMANUV GMTRF 1

÷5 GMTF 2 FL. PTo SECS° TMANUV GMTRF 2

÷6 GMTF 3 FL. PTo SECS. O. GMTRF 3

÷7 GMTF 4 FL. PT. SECS. O. GMTRF 4

÷8 THRUST FL° PTo LBS° 96.5 0R-79o0 2690.

LEVEL1

+9 TL 2 FL. PTo LBS. 96.5 0R-79.0 2690°

÷10 TL 3 FL° PT. LBS° O° 2690°

÷11TL 4 FL. PT. LBS° O. 2690_

2,o zTo +12 ORIENTA- FL. PT. LBS.

TION ANGLE 1

+13 OA 2 FL. PT. RAD. 90_ 180. °

+14 OA 3 FL. PT. RAD° O. 90. °

÷15 OA 4 FL. PT. RAD. O. O- °

÷16 CANT 1 FL. PT. RAD. O_ 15_

÷IT CA 2 FL. PT. RAD. O_ 15_

+18 CA 3 FL. PT. RAD. O. 15_

÷19 CA 4 FL. PT. RAO. 0." 15_

÷ZO PITCH FL. PT. RAD. TMANUV÷3 16_

÷21 ROLL FL. PT° RAD. O° O_

÷22 YAW FL. PT. RAD° TMANUV÷6 180 o

÷Z3 THRUST FX. PTo ZERO NON-ZERO

IND.
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+24 MASS EX- FL. LBS.ISEC. -0.7 -10o09

PULSION

RATE

B) INPUT -

THE INPUT FROM THE THRUSTER INPUT TABLE ABOVE IS

STORED IN THE FOLLOWING TABLES.

TTIMEO, TTIMEO+It...,TTIMEO+N - INITIAL FIRING

TIME DIFFERENCE

(FROM FIRING

TIME) IN FLOAT-

ING POINT SEC-

ONDS

TTIMBOt TTIMBO+It...,TTIMB)+N - BURN DURATION IN

FLOATING POINT

SECONDS

THRUSTt THRUST+I,...tTHRUST+N - THRUST IN LBS

TCANTL, TCANTL÷I,...tTCANTL÷N - CANT ANGLE IN

FLOATING PDINT

DEGREES

TTHETA, TTHETA÷I,...,TTHETA+N - C.C ANGLE FROM

ROCKET TO REF

AXIS

TIRET TIME OF RETRO-

FIRE IN FLOATING

POINT SEC.

PITCH, ROLL, YAW IN FLOATING POINT RADIANS

TWEIGT WEIGHT OF CAP-

SULE IN FLOATING

POINT LBS.

TWEIGT+I DWIDt IN FLOAT-

ING POINT LB/SEC
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TWEIGHT+2

TIMONE

NUTIM

FIXUV

REENPC

DTCSW

SWITCH NON O FOR

SETTING

WII):WII÷I)

BEGINNING TIME

FOR INTEGRATION

STEP IN FLOATING

POINT SECONDS

END TIME FOR

INTEGRATION STEP

IN FLOATING

POINT SECONDS

SWITCH, 0 INI-

TIALLY {FIXES

REFERENCE

PLANES)

SWITCH 0 FOR

PLANE CHANGE,

NON ZERO FOR

RETRO-FIRE

SWITCH, NON ZERO

BY PASSES DT{I)

COMPUTATION

C)

THE FOLLOWING CARD IS ALSO NECESSARY -

MNROCK EQU N {WHERE N IS THE NUMBER OF

ROCKETS)

ADAPTER INSTRUCTIONS (TADAPT) -

1. FOR USE WITH RUNGE KUTTA 4TH ORDER INTEGRA-

TOR METHOD.

IN ADDITION TO THE ABOVE INPUT THE FOLLOWING

INSTRUCTIONS MUST OCCUR -
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.

.

PRIOR TO FIRST PASS THROUGH RUNGE KUTTA SET-

(SOLVING FOR K 1) TINONE= to =

TIME AT BEGINNING OF TIME STEP.
h

NUTIM = to +

DTCSW = 0

TWEIGHT÷2 = 0

PRIOR TO SECOND PASS (SOLVING FOR K 2) SET -

TIMONE = to (SAME AS FIRST PASS)

NUTIM = tO+_ (SAME AS FIRST PASS)

DTCSW = NON ZERO

TWEIGHT÷2 = NON ZERO

PRIOR TO THIRD PASS (SOLVING FOR K 3) SET -
h

TIMONE = to + _ = NUTIM

NUTIM = to + h

DTCSW = 0

TWEIGHT÷2 = 0

PRIOR TO FOURTH PASS (SOLVING FOR K 4 SET-

h
TIMONE = t O + _ (SAME AS THIRD PASS)

NUTIM = t O + h SAME AS THIRD PASS)

DTCSW = NON ZERO

TWEIGHT÷2 = NON ZERO

FOR USE WITH COWELLS INTEGRATION METHOD -

SET -

TIMONE = tO

NUTIM = to + h

DTCSW = 0

TWEIGHT÷2 = NON ZERO

FOR BACKWARD INTEGRATION SEE STEP 3. REENPC

MUST BE SET NON ZERO FOR RETROFIRE.

BACKWARDS INTEGRATION - {RUNGE KUTTA 4TH

ORDER)
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I
,,--- h ----..

I !

t. t.
I+1 z

h<O

WDOT > 0

SWITCHES ARE THE SAME AS FOR

FORWARD INTEGRATION

D)

IST PASS -
h

TIMONE = ti +

NUTIM = ti

2NO PASS -

SAME AS FIRST PASS.

3RD PASS -
h

NUTIM = t i +

TIMONE = t.
1 + 1

4TH PASS -

= TIMONE
h

= TIMONE +_

SAME AS THIRD PASS.

ROCKET THRUST SIGN NOMENCLATURE -

I. RETROFIRE ROCKETS - POSITIVE THRUST

2. AFT THRUSTERS - POSITIVE THRUST

3. FORWARD THRUSTERS - NEGATIVE THRUST
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E) ROCKET ATTITUDE ANGLE DESCRIPTION -

I. REFERENCE POSITION - 0 PITCH, ROLL, AND YAW.

V
R

UNIT VECTORS:

w: Rx(_ xV)

U =RxV

R=R

a

2. PITCH = 90° IN Rt W PLANE

Yc

m

-U

-W _+9 -__"'_-_ 0
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m m

3, YAW = +90 ° IN Ut W P_E

XO

-U

4. ROLL = +90 ° IN U, l_ PLANE

J

./!
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ENTER

• ROCKNR t
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TRETE

. ............. ;
.*** . (ADTAP)= .

*DO*o. X* (ADTMA) *

.. . ............. •

• SAVE IR'S *
* _AP(2)} = Ay'

\AP(3)/ A z

• • * • •YES : ............. :

• IS DTCSW=0 * • ............................................... X_ STEP=NUTIR :

-TIMONE •

llltllillititli
• !

°

°

:".. • .,is :.............:
• A3 • IS • .............. X_ WII+II=W(1)-_

:.. m • TWEIGHT+2=0 * : WDOT_ Dt(1)*

• • *******••**Hi•

• • _0

:X ............................... :

i

• *YES

• IS REENPC=0 • .......................

• COELM

• " -*ES :.............:
• . T = ARCSIN

• IS FIXUV=O * • .............. X: (V.R/VR) :

• :.............:

• * _0 ••••*

.......... x* DO•

TRETE

(A x Ay Az) -U x -Uy -U z -(E x Ey Ez)

.;.%:._z.:L=...

F_UV = NON ZERO

.

JUTTA

• • •*••*•*•**•***•

• *N_ :•••. (E x Ey EZ)KOO. GG

DOES N=O •X AO * TO OUTPUTBLOCK(1.4)• •8T_•

• •********•*H•*

;ES

X * * EOBZ

• •NO **•

Ex=0 Ey=0 _ *
E o * IS SWEX=O * *_ CB_

_ES

............... :.............
* * C(AC)=TIMONE *

EXIT _ * +.I÷CORTIM -*

• 0UT * MAXTB •

w (_ = PITCH _ * * *YES .****

lle_22.5o_ROLL: * IS CIAC)=O • *X 07.*

:itltiltllllil t t t I I Itt

° * * _0

:

ttlllll_lllittl t I i

• * = YAW : * -NO --. .
IS C(AC) tT 0 • - ........ *DTI..X-SWEX =NON 0 el

• • ;ES

: ............................... X:

•TRETE EOBZ II*ll••••l•lil• SAVE

: .'*'. .". :SWEX:O :
_APTMA = *..*X 00• *C8**oX• FLKUV : 0 • ................. Xi RESTORE XR'S:

IRA 3,t* •
• * * * * * •E E E = o *

..............: ..... :..%..L.._.....• ..............:

1 0 S,E C,1, CO SO

0 C 0 0 -SO C

*m*•***li**•***

: EXIT •

• IRA 3o_
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•s••*••••••m•*•

_••. _ TO( B =_T0( _ _ TB(_ =ATB(_

•*AO•** X•• +TIRET ! +T0(_

m.• _•.••oomo•••o•s ! =i,n

X • • • • " t
• * * eYES • eYES •

• t+_.t-t O *t-tB(I)LT • • ............ X *• ............ x

GT o * * • 0 •

• • ;,o " • _o

:X ............................... :

i
••HHO*•=***O•

.*•. ** m(l) = o .

*A2s..X.

• .Y£S •

t-toll} G| 0 • * ............ X •t ÷LX t-tB{I)
• GT0

• _o " _o

• . _÷_,t.to( _ .yEs• .;.... os: .**.............m(_ .

• GT0 * • "••. .. ............. ..

_o

• * • SUM DT-
• A3s*.X* Z Dt(B

"--" i............. !

• *YES

i

: ............. : ; ............. ; ...
• Dt(_ _ • t+_t=T_ * • • .

• *...x C4.
t +_t-to(O

•: D_/TSTEP

.**s**•*.*•**••

• AP(D

i_ T(_ C°S C(1)Dt(1)WAV

• •NO ! !
• C4*X IS Ot[I) LT 0 *X A3• _(D TB(1)-t

..... . ............. :
• _ES • •

.......... X• A2*

**** _ Dq0

*OS•.*X* T_b t0(_ •

-- : ............. :

•..•••••••••m••

: *P(_)
• _ _ SIN C(1) SIN _(1)Dt(1)

"Z,wAv

• AP(2)=

• * * * * •NO •*•

IS Dtlll LT O * *X A3•

• .. :::
• :.!_.._...... : A_:

• •YES •0••

• * NTH TIME • •_ A3 ••
•OT3•

• • H••

.......... X• A0•
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29. MFCPNI - MONITOR SUFFIX TO NUMERICAL INTEGRATION

MFCPNI TERMINATES THE USE OF THE INTEGRATOR BY SET-

TING UP THE QTSX RETURN. [SEE FLOWCHART.)

INPUT

A)

B)

C)

TABLES -

TMSAVE CONTAINS THE PANEL LOCATIONS

OF ALL PROCESSORS IN PRIORI-

TY ORDER. THE PANEL IS THE

BLOCK OF MACHINE REGISTERS

AND CELLS SAVED DURING TRAP-

PING.

COMMON A 6-WORD BLOCK OF STORAGE

SHARED BY LIBRARY SUBROU-

TINES. THE LAST WORD CON-

TAINS THE ROUTINE NUMBER OF

ANY ROUTINE IN PROGRESS AT

THE TIME OF A SIMULATED TRAP

(QTSX}.

COMMUNICATION CELL -

MCZRWX CONTAINS THE QUEUE WORD TO

MPCPNI. DECREMENT CONTAINS

AN INTEGER THAT INDICATES

THE USE OF THE INTEGRATION

(SEE MPCPNI, SECTION 26.)

CONSTANTS -

K00054

KO0050

KOO006

KO0004
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KO0003

D) MACROS -

TRNOF

QENBZ

OUTPUT

A| MCNIAC

B) TMSAVE

CONTAINS THE CONTENT OF THE

ACCUMULATOR UPON EXIT FROM

NOCPNI. IF THERE WAS AN

ERROR IN INTEGRATIONt THIS

WILL BE THE INTEGRATOReS

ERROR NUMBER.

THE INSTRUCTION COUNTER AT

THE TIME OF THE SIMULATED

TRAP IS INCREMENTED ACCORD-

ING TO THE RETURN FROM THE

INTEGRATOR AND STORED BACK

INTO THE APPROPRIATE PANEL

LOCATION OF THE QTSXING ROU-

TINE.

METHOD

MFCPNI FIRST CHECKS FOR A QUEUE FROM MYDIC9 AND IN

THOSE CASESt UNSUPPRESSES OTHER USES OF NUMERICAL INTE-

GRATION. THE REASON HERE IS THAT THERE IS NO RETURN TO

MYDIC9, SINCE IT QUEUES INTEGRATION AND OTHER PROCESSORS

QTSX. EVEN HERE THOUGH EXCEPT IN THE CASE OF N.D.C- IN

REEENTRY, THE INTEGRATION IS INITIATED BY Q'SX. HENCE,

MFCPNI SETS UP THE RETURN FROM NOCPNI TO THE NEXT LOCA-

TION AFTER THE QTSX IF THERE WAS AN ERROR IN NOCPNI, THE

SECOND LOATION AFTER THE QTSX IF THE TABLE IMPACTED, AND,

THE THIRD LOCATION AFTER THE QTSX IF THE TABLE DOESN'T
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IMPACT. THEN THE S BIT IS TURNED OFF FOR THE ROUTINE

THAT QTSXeED.

USAGE

A) STORAGE REQUIRED -

B) TIMING -

66 LOCATIONS

.t33 MS (MAXIMUM)
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***••••**...*e*

: ENTEA :
• NOCPNI *

• • BEi

• * * *NO **'*•*•°*°•***_ "
• **• * i*** : XR2 INTO •
• BO*X IS MCNIACffiO • ......................................... •DO*..X*THIRD WORD OF •

• * • • * * PANEL BLOCK •
• * • * •e * •

• * •..*****•..•.*•

• _ES

i
NFCPNI •

:.............: • " " .NO ...............•
• • TRNOF S-BIT "

• OF ROUTINE •
• AC INT0 • IS NCoNIAC GT * .......................MCNI AC • THAT QTSXEO •

• ............. • .. lace•tee•tel•••

YES

* m DISABLE • • ADD ! TO XR2_ ........................ X.

iQOllm•O•tOl•e_

• • IS • •YES

• " D l "NCIIRW _ .... " ........................

• NO

i

• • * IS * *YES

• O(RCZRWX)=50 • ..................... X.
• N.O.C

• * IS * *YES

• • O(RCZRWX)=6 * • ..................... X.

NOR. VECTORS •

• • IS •YES

• DINCZRWX 1-4 * • ..................... X.

D.C. TABLES •

BE2

• " eYES -''''*''''''''''-TRNOE.FOR
• * KS NYCOTO •

• OINCZRWX)=3 • ............ X MYOUR *L
• 0*C* VECTORS • • BYREN2m

• * ,NYAPE3 NYTTF4 **e

_o

BEt

* ADO | TO XRE•.*.X ooe

.••••**••••.•••

• TRNOF A FOR
• NNCPNI ••

NYNAV5 RYGNT6
NYRUVI NYLIE8

RYFPPR

BE3

• ••* : PANEL BLOCK :

*AA***X• OF QTSRING •
• * * ROUTINE INIO•

• * * BETNP *

:*;;;:_;_;*:
PANEL LOCK *IN B_TAE : .... BO:

• I].C. AT TIME* * •

• OF ST TO X)_ * ***

IS
• DIRCZRWRI-54 *

• * _10

i
• * BE3

• * * •NO ***

• ;s * ._ Ao:g

DIRCZRWXI*SO * • *

" * _ES X'*_"

BEA
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BE4

eYES e

• ........ *C8*X TRNOFN BIT *

1.1* ** FOR MPDIFK **

***e.***•.•****

:i ................ "• TRNOF A FOR ** ............ x_ EXIT
NNCPNI ROPRIO

ii!111111111111

************•**
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30. NISUFT - SET UP FUNCTION TABLE

NISUFT ESTABLISHES A SECOND DERIVATIVE TABLE WHICH

IS USED TC INITIATE THE NUMERICAL INTEGRATION FUNCTION.

(SEE FLOWCHART.)

INPUT

OTHER PROGRAMS USED WITH THE NISUFT PROGRAM ARE

N2EXCR, N3SDCL, AND N7VARS. THE FOLLOWING PARAMETERS ARE

INPUT REQUIREMENTS FOR THE NISUFT PROGRAM -

A) KOOO.X - DESCRIBED IN NOCPNI

B) KOOO.Y - DESCRIBED IN NOCPNI

C) KOOO.Z - DESCRIBED IN NOCPNI

D) KOO.VX - DESCRIBED IN NOCPNI

E) KOO.VY - DESCRIBED IN NOCPNI

F) KOO.VZ - DESCRIBED IN NOCPNI

G) KOOOTA - DESCRIBED IN NOCPNI

H) KOOOOH - DESCRIBED IN NOCPNI

I) KOOO.H - CONTAINS THE FLOATING-POINT EQUIVALENT

OF THE CONTENTS OF KOOOOH IN GEMINI

UNITS.

J) KOO.2H - CONTAINS THE CONTENTS OF KOOO.H SQUARED

OUTPUT

THE OUTPUT OF N[SUFT IS TNFUNK (DESCRIBED AT THE END

OF THE NOCPNI PROGRAM WRITEUP).

METHOD

THE EQUATIONS USED IN THIS PROGRAM, TAKEN FROM THE

IICOMPUTATIGN OF ORBITS IT BY DR. P. HERGET, ARE -
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3

A) "F = R + G F + _3
a a a a k=l

3

B) 'F = + H F + Z]a- 1/2 (h) Va a a
k=l

C) "F a = F a - 'F- 1 a - 1/2

THE OUTPUT TABLE {TNFUNK) IS NOT ASSUMED TO _E

CORRECT UNTIL SUCCESSIVE CALCULATIONS OF THE '' tF 6 VALUE

DIFFER BY LESS T_AN IE-[5.

USAGE

A)

B)

C )

CALLING SEQUENCE -

TSX NISUFT,4

ERROR RETURN

NORMAL RETURN

STORAGE REQUIRED - 26L LOCATIONS

CONSTANTS USED -

KO0001 DEC 1

K.TCTB DEC [E-IS-CONVERGENCE CRITERION

("F t -"Ft-l)2:E-15

KOOOJB PZE 30-NUMBER OF TRIES TO MAKE FOR

CONVERGENCE BEFORE DECREASING

INTERVAL

K2ZERO DESCRIBED IN NOCPNI

TEMNO + 146 DESCRIBED IN NOCPNI

TEMNO + 160 PZE STORAGE FOR J
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D)

E)

TDPGIC DEC 0.0074115416

PZE

+ 2 DEC -0.0009904103

PZE

+ 4 DEC 0.0000796407

PZE

+ 6 OCT -175612454702

TDPHIC DEC 0.0648396164

PZE

+ 2 DEC 0.0139550265

PZE

÷ 4 DEC 0.0015790344

PZE

+ 6 DEC -0.5

PZE

G(I} 1

G(2)

K=I,3

G(3}

G(O} -G(O)

H(1)"

HI2) K=I,3

H|3)

H(O) - H(O)

+ 8 DEC STORAGE FOR KOOOO.H

PZE

ERASABLE LOCATIONS - TEPNO

CHECKOUT - NISUFT WAS CHECKED OUT BY COMPARING

ITS OUTPUT WITH THAT OF IJKNI.
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ARGUMENT 2nd SUM 1$t SUM

DIFFERENCE AND SUMMATION TABLE OF COWLES NUMERICAL INTEGRATION PROCEDURE

FUNCTION A A 2 A 3 A 4 A5

Ai- 11/2

A .5

A 3
Ai-9/2 i-9/2

2, A4
_i-4 i-4

Ai-7/2 A3-7/2 ASi-7/2

A2 4i-3 Ai-3

A3 A S
Ai.5/2 i-5/2 i-5/2

A2.2 A 4i-2

A .s/2 As-3/2
A 2 A4

i-1 i-1

3 A5
Ai.1/2 A i-1/2 i-1/2

A2 4i Ai

A3 5
Ai + 1/2 i + I/2 Ai + 1/2

A2 4
i+1 Ai+l

A3 A S
Ai + 3/2 i + 3/2 i + 3/2

A2+ 2 4Ai+2

A3 A 5
Ai +5/2 i +5/2 i +5/2

A2 A4 + 3i+3

3 ASii + 7/2Ai +7/2 Ai +7/2

A2+4 4Ai+4

3
Ai +9/2 A i +9/2

A2i + 5

ti.6h °°Fi. 6 Fi. 6

"Fi.11/2

ti.5h °°Fi. 5 Fi. 5

"Fi.9/2

ti.4h "°Fi. 4 Fi. 4

"Fi.7/2

ti.3h "'Fi. 3 Fi. 3

"Fi.5/2

ti.2h "°Fi. 2 Fi. 2

"Fi.3/2

ti. h "Fi. 1 Fi. I

"Fi.i/2

t i °'F i F i

"Fi + 1/2

ti+ h "°Fi+ 1 Fi+ 1

"Fi + 3/2

ti+2h "°Fi +2 Fi+2

"Fi + 5/2

ti +3h "'Fi +3 Fi+3

"Fi+7/2

ti +4h "'Fi +4 Fi +4

"Fi + 9/2

"'F: Fi+ 5ti+Sh 'i+5

"Fi+ 11/2

ti+6h "'Fi + 6 Fi+ 6

Ai+ll/2
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•••,••,°•,,....

• START

.••*,•.°°•°,°,*

• •° :e(h) V A + H(O)F A

:SO:..X:+ E H K (FA+ K - FA. K)

•• :_K,2.........

• DO•..x• SET XR4 = TO:

• • • 6

•. :.............:

NLSUFT

• STORE VALUES •

• SAVE IR'S : : FROMTEMNO:

• lt2o4 • •INTO TNFUNK •

• .•..*• •••••.** _ FA_L LNTO Ft+K:

BILDS

.• .'•'_t_;CI_F•.
• " •THE F, R, V VALUES"

:OL_X• FOR TNF[INK ••

.• ° (F i, X i, X i)

N2EXCR

RESTL

• • "• CALC. F AND • : SEI D.[. TO :..._ DO:
• AB•X STORE IN • FORWRO

• • • TNFUNK TABLE • o TEMIWO_I&6 =0" • •

• * • .YES •••*•••••••••*•

• IS THERE AN • • ............ X: EXIT :

• . ERROR • • ._:.%._ ........

;.o

BILDB

:..._......... : ...
• CB•..R: SET C(XR_]: :..._ O|:

• • • C(XR4)-I • " *

• RESTT

• " •NO
• •**•°

REEURN 2,4 OP • *X CB•

N2EXCR • • -

" • _ES

i
NIFI

• YES .•-

• • IS XR4 GT I • •_ C3_

• _o

SETA

:""s'_'_";_";_'_: .. :_V'_"_;_#":
: FA+ K K = 0, 7 " • • * FROM TNFUNK •

:THESE VALUES ARE :B4*° .x: Fi K INTO FA+L:

• EQUAL TO Eih2, •• :KTI, 6 L 6,-2 •

:_÷'_'_'o":
• J J-1

:"F 6 INTO "F 6 i

""E_INTO"E_

: RXA X VXA X

RyA Y VyA - y

RZA Z VZA - Z

:_ ............
:,,_(_:,,FB%: ,,F% :o
• SET J = I

SQRE
• ° • • •

• ?"F_- "FJ-l) 2 •NO • • • • •YES• •SET:............. TEMNO+I46•:

• LT E -15 • ............ X IS J GT 30 • ........ • NOT=O •(KOODJB) • • INDICATING o

• . • • BACK N.I. *

YES " _0

FIN INITL

............... :.............: -.............:
• CONVERGED FOR •''

• X, Y, Z. COMPUTE " • * •
-...x

••AND STORE EQ. • J=J+L AT• • SET XRR'6 -

• (A) AND (B) IN : *.... ••* : ............. :

TCMND AND •******••***'**

INIIL

.. :"_;_FH_':
. .-'A7"..x"STEPIN •FLT.PT.GEM •

• ••• : UNITS h INTO

• TDPHIC+8 •

GETR

:"F A ="Fi. 1 = R A

_G(O)FA -

••••°•••.•••.••

: TNFUNKj, "r A =

:"FinlAND 'FA_I/2

: = 'Fi + i/2

: RESTORE IR'S:

• 1,2,4 •

VAR i BILD-1

• .. .'%:_CdOL_W'."----''""
• REDUCE TIME

*• * ° "THE F, R, V VALUES •
STEP INTERVAL

:OT_X AT T L STORING IN .•NTVAI(S

• •.•.•••••••.•.•" *• •TNFUNK(Fi, X i Xi )

NBEXCR

RESTT RESTI * • RESTT

.. --------';"_E÷'E'V'; .... " .,ES ....
:C8:..X: VECTORATTA:...I A_: • • IS THERE AN " ._( CB"

• ° • FROM TMBBNI • • ERROR

INTO TNFUNK

NO

* X O K (FA. K + FA_ K) :...i SO:

"FA_I/2 = iFi_l/2 • .

(K = 1)

EXIT

• IRa 2,4 •

BILD-E NEBT

: ...... **'****: .... " • .YES *-*

• Cg•..X* SET EIXR_I: :..._ OT: IS KRA GT t *X C9•

• • • CIXR_)-I • • • • • *

"" :.............: "** . • • ...

.......... X• B_•
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31. N2EXCR - EXTRAPOLATION AND CORRECTION EQUATION

DERIVATION

N2EXCR CALCULATES F t R AND V
I l I

(SEE FLOWCHART.)

FOR A GIVEN TIMET.
I

INPUT

THE INPUT TO THE N2EXCR PROGRAM COMES FROM THE FOL-

LOWING LOCATIONS -

A) TNFUNK - DESCRIBED IN NOCPNI.

B) KOOO.H - CONTAINS THE FLOATING-POINT EQUIVALENT

OF THE CONTENTS OF KOOOOH IN GEMINI UNITS.

C) KOO.2H - CONTAINS THE CONTENTS KOOO.H SQUARED.

D) TEMNO ÷ 51 - IF ZEROt INTEGRATION IS CARRIED

FORWARDt IF l, INTEGRATION IS CARRIED BACKWARD

[FIXED-POINT).

OUTPUT

THE UPDATED TNFUNK TABLE IS THE OUTPUT OF N2EXCR.

METHOD

THE EQUATIONS USED IN THIS PROGRAM ARE TAKEN FROM

THE COMPUTATION OF ORBITS BY DR. P. HERGET.

A) 'F. = 'FI - 1/2 i - 3/2 + Fi - 1 (FOR FORWARD INTEGRATION)

B) 'F = 'F
i+ 1/2 i+ 3/2 - F i + 1 (FOR BACKWARD INTEGRATION)

C) "F. = "F + 'F (FOR FORWARD INTEGRATION)
I i- i i- 1/2

D) "F. ="F. - 'F.1 I + 1 z+ 1/2 (FOR BACKWARD INTEGRATION)
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E) R i k _= 1 Ak Fi- k="F i +

Ei ,F i =I1D Vi = h - 1/2 +k S A_F i_k

(FORWARD EXTRAPOLATION
FOR

R i , V i)

6

G) • = "F. + _ A k F iR, I k=l +k

i[ 1• -- t A

H) V1 =--if-= 'Fi+ 1/2 1 kFi+k

6

• = "F. + _ BkFi_ kI) R I I
k=0

E1 'F + I_
J) V i - h i- 1/2 k= 0

6

= "F. + E B k F iK) R i 1 k=0 +k

V"

i |'F. 6

• -- L --
L) V I h I + 1/2 k = 0

(BACKWARD EXTRAPOLATION
FOR

R i , .V i)

\

I (FORWARD CORRECTIONFOR

'BkFi-k 1 ' Vi)

i (BACKWARD CORRECTION
FOR

'BkFi+k , 1 ' Vi)

M) "F - "F : IE - 15 USED TO CHECK CONVERGENCE

THE F TABLE VALUES CALCULATED ARE NOT ASSUMED TO BE

CORRECT UNTIL SUCCESSIVE CALCULATION OF THE F. VALUE
1

DIFFER BY tESS THAN IE-I5.

USAGE

A) CALLING SEQUENCE -

TSX N2EXCR,4

REDUCE TIME STEP

NORMAL RETURN
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B)

C)

STORAGE REQUIRED - 234 LOCATIONS.

CONSTANTS -

KO000I

KO.CTB

KO.CTC

KOOOTU

KO.FDT

DCSUMM

TEMNO+IIO

TEMNO+I46

TEMNO+L38

TN7ICT

MCZRWX

DEC I

DEC IE-I5 - CONVERGENCE CRITERION

FOR Fi WHEN GENERATING A MINUTES

OUTPUT TABLE.

DEC IE-L5 - CONVERGENCE CRITERION

FOR Fi WHEN GENERATING A SECONDS

OUTPUT TABLE.

IF A It SECONDS ARE REPRESENTEDt

IF ZEROt MINUTES ARE REPRESENTED

DEC 0.25E-4 - MAGNITUDE TEST FACTOR

FOR FIFTH CORRECTION

PZE STORAGE FOR FIFTH DIFFERENTIAL

CORRECTION SUM

PZE STORAGE FOR N

PZE =Or INTEGRATION FORWARD

Or INTEGRATION BACKWARD

PZE STORAGE FOR KOOO2H

PZE NUMBER OF TIMES INTERVAL HAD TO

BE REDUCED

MONITOR CONTROL WORD WHOSE DE-

CREMENT INDICATES TYPE OF TABLE

BEING GENERATED
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THE FOLLONING ARE IN DOUBLE PRECISTON -

TDPAIC DEC 0.46038333 A(I)

+1 PZE

+2 DEC -1.09306667 A(2)

+3 PZE

+4 DEC 1.4142667 A(3)

+5 PZE

+6 DEC -1.0424 AI4)

PZE

+8 DEC .41235 A{5)

PZE

÷10) DEC -0.0682 AI6)

PZE

TDPAIP DEC 2.28573082 AP{1)

PZE

÷2 DEC -5.1099041 AP{2)

PZE

÷4 DEC 6.55591931 AP(3)

PZE

+6 DEC -4t82397487 AP(4)

PZE

+8 DEC 1.90782077 AP{5)

PZE

÷10 DEC -.31559193 AP{6}

PZE

A k, k = 1, 6

'Ak, k = 1, 6
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TDPBIC DEC 0.065495756 BIO)

PZE

+2 DEC 0.067409063 B(1)

PZE

+4 DEC -0.TI0635752 BI2)

PZE

÷6 DEC 0.I04370596 B{3)

PZE

+B DEC -0.05999091 B{4)

PZE

• 10 DEC 0.019393189 B(5)

PZE

• 12 DEC -0.002708609 B(6)

PZE

TDPBIP DEC 0.30422454 BP(O)

PZE

+2 DEC 0.46038360 BP(1)

PZE

+4 DEC -0,54653605 BP(2)

PZE

• 6 DEC 0.47142857 BP(3)

PZE

•8 DEC -0.26060681 BP(4)

PZE

÷I0 DEC 0.8747355 BP(5)

PZE

• 12 DEC -0.0T136740 BP(6)

PZE

B k, k = 0, 6

'B k, k = O, r

D) ERASABLE LOCATIONS - TEMNO TABLE

E) PROGRAMS USES - N3SDCL AND N?VARS
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• START

• N2EKCR
***•**,****i*et

VOl Ill REAL TIME FRDCESSDRS PART II - ORBIT/REENTRY

GETFH

** •INTERMEDIATE STORING

:SO: X: [N TEMIN0 FROM
• *'" • TNFUNK.

.e : FLINTO TEMIN0 BLOCK

ABORT • • VARS

m• • •YES *•''•e

eDO•X IS N GT 30 iX B3 •
• • • * *_90•

N2EXCR

* INII. •
*TNTICT=O SAVE•

• XRI, XR2 *

• SAVE IN TNFUNK

h2Fi AS F m I

GETFH

............. : ...

• SET N=N÷I :..._ BO:

: : ...

N2RST

... :.............:

:A2"..x: SAVE XR4 :
• • •YES *• • • •*:

• IS THIS RIN.• • INTERMEO •
INTEG. • .............. X* STORING IN •

K00OTU=O • • TERNO FROM •

• :....l_I...:
NO

•.. _.............
• • *SET N=O WHEREw
• A) ..x* N IS CT. OF *

:•• •INTER. BEFDRE*• CDNV. IS EST.

:LNTERMEDIATE OUTPUT.

_ AK Fi-K INTO TEMN0 + 4

*K:i

E A K Fi-K INTO TEMIN0 + 6

K=I

NXDP_. NXDP6

.. :'_'&'_;_,OUTPUT. : ............. : ...
h 2 F i INTO * . •

:B3:..X: E S K Fi_ R INTO TEMN0 + 4 ! TEMNO TABLE:'' .l B3•

= O . **•

""" i __; FI_KINTOTEMN0,SZ **••*••••••••••

K=O

i
COMP

IS INTEG. *
FORWARD • .............. X: Ri' Vi FOR BACK

• TEMNO+E_6=O

i INTEG USING K) AND L).STORE IN TNFUNK

_ES

• •NO COMP. CORR •
IS INTEG

FORWARD . ....... R i, V i FROM EQUAT. _ ........................ X.

• TE MNO÷I¢ 6=0 * D AND _. STORE IN *

" INFUNK :

_eS

NXDP2 X DOCAL

• STORE IN • STORE IN •
• TNFUNK FDR * : : TNFUNK (Fi)TNFUNK FOR •C6 ••• •

: FORWARD * BACKWARD..... _I_h...! ..... _I_;...i :.." "................P_vc_.A ."

: CALC. R i AND

V. USING EQUATIONS
• 1

• E) AND F_ FROM

_VRITE UP

*• * CALC AND STORE •

*A8•X IN TNFUNK(Fi) •

• °•• **F -I, N3SDCL, 4 .*

• * *YES •.•
A

• IS THERE AN •X D7_
ERRDS * • •

• * H*

• _G ****°

.......... x- SO•

GETFH

:•****••••••*°:

EQUATIONSCANO O FROR

WRITE UP

_ETRV_
**W***•*•H*•*•

:CA_CR. v_ :
:USING G) AND _ •

• FROM WRITEUP._ • •

• STORE IN *..._ AS*
TNFUNK : ***

• •YES

• IS THERE AN * ........ •O7*X* EXIT
• ERROR • * . * NIERRI •

• _o

• • ¶ * ASORT

n n-I •YES •••
• * • •NO I F i - F i [

• IS THIS A MIN * * •*X DO* *
INTEG. • ............ X OT/= E-IS

KOOOTU=O • • • • •

• _ES • _o 1"**.
........... X• _O •

•890•

.

2 n *

• •(h F I 2 •YES ••*•

-h 2 Fin-I ) • *_ AO*•
• •8gO.

• GT/: E-I_ .....

.......... X* DO*

ABORT
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• •

• e

• Y_S _e_ * *NO lee
•e*ee • • • *e*e * IS INTEG • •

• 4_ • IS ]NIT _EINC *x D2* *B0*× F{JR_ARD *x D2*
• PEtE T_7_12=O * * • • * * T_NNn*I_6=D * *

*** °°* °* ***

• • _,o * • ;ES

• o

x x
_f)VE F

• * •

IS • ........ LJRBIT INTEG* m_( D2_

• Tk_NC* Ib3=d • UIMCIRWX)=O • •
.•,

• • °

• bCCF I

• o,.*.,,•.*.,•**

: ............. : COMiqITE2 AN[) :
• SET Te_NC+ * . °

lib} N[_=O INI).- SI_OI{I'; IN DCSUMM, ............... x

• C(_Nv. • " _ IIK FI K

- K I

t;CC ^L :VA,{S X

_,*•.,,,e*,e,e_ o°.. :.,• *,**,*******,H

• • • * • INDICATES
• VECTCR HAS °...X C_*• :,_i} .,X* St} IN/ICe :* TIMES NTVAR

• BEEN CEMPUTED, •_Bge T_71C{¢1 • IS ENIER_h

• ill• .t•* * FRfJN M2EXCR

• ..I*m**°•,,°,* °HOH.,.•°*,.*

IN MuvEf

CO_P, _ = l,',

* ° • MnVtF l*ee.*l**°..-°•

* ° _ • eYeS I1 * COMI'. ANDST{)I{I:

• • • • • I" li2 INl'O I'i, i
• ,_fl t _

:

x
illliilli.iiili

'F_ +;_, INTO:

'Fi, I 2

-YilN'ro "l't , _'

eee**eele*****, _**eeeee**°*°._

i kfl]uCE TIME •

• STfP INTERVAL • Xr2. X_• _/VARS * ! _ESTORE xrI.*

ee*.*°.eee*eo.• eeell.*eellllll

* *, •

• • " *YES ° • *NO ell• el e*em*llleml*ee°

e IS TN71CT GT • ............. X * IS TNTICT=I) * °_ A3ee _D%_X_ EXIT i
• °889e * • • TRA 214

., .e.°eHoH°e_,e

o

_e*l.*•l°•ll.l_

i Sit EXIT XR_°
= (TEWNO+_9)°

+1 •

° • • H•*

i
*eeleill**••*•°

: : ."'. ...... .............. .
• rESTURE X_? i...x Ub• ID6*X* EXIT

_*.l°°°°eeeeel•

NERET-I
l*ee*l***e*e•**

• * ° eYES• : : *ee" e

IS INfeCT'0 l .............. Xl RESEOR_ XR?,I,,.X D6*

XR_

*••.•••*****eee

• * _o :****
.......... x* _2 *

*889*
He*

N2RSI

H*°**°HeeHH

• : ."'.
• SET TENNU e...X B0,

• t6$,0 • * •

:.,........... : "**
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32. N3SDCL - SECOND DERIVATIVE CALCULATION CONTROL

N3SDCL CALCDLATES F BY ADDING THE OUTPUT OF SUB-
I

ROUTINE N6OPEP AND N4DRAG. (SEE FLOWCHART.)

INPUT

THE N3SDCL PROGRAM USES PROGRAMS - NbOPEP, N4DRAG,

N3TRB, TADAPT, ROCKNR, AND N7PCAL.

A) THE X, Y, Z, VX, VY, AND VZ VALUES FROM THE

FOLLOWING TNFUNK TABLE LOCATIONS -

TNFUNK ÷ 22 = X

TNFUNK + 48 : Y

TNFUNK ÷ 74 = Z

TNFUNK + 24 = VX

TNFUNK + 50 = VY

TNFUNK ÷ 76 = VZ

B) KOOOTI THE TIME FOR WHICH R AND V VALUES ARE

CURRENTLY BEING CALCULATED IN NOCPNI,

THE PRESENT INTEGRATION TIME, EXPRESSED

IN MINUTES OR SECONDS, DEPENDING ON

KOOOOH.

C) KOOOTU IF A ONE, KOOOOH REPRESENTS SECONDS, IF

ZERO, KOOOOH RFPRESENTS MINUTES (BOTH IN

FIXED-POINT).

D) KTORNT IF ZERO, TADAPT AND ROCKNR ARE NOT USED.

IF NON-ZERO, TADAP1 AND ROCKNR ARE USED.

E) K7CB IF ZERO, N7PCAL IS NOT USED

IF NON-ZERO, NTPCAL IS USED

CUTPUT

THE CUTPUT CF N3SDCL IS F
.. I

TNFUNK + 0 = X

AND PLACED IN TNFUNK.
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TNFUNK + 26 =

TNFUNK + 52 =

METHCC

THE EQUATIONS USED IN N3SDCL ARE TAKEN FROM THE

CCNPUTATICN CF C_I;[TS' BY DiE. P. HEKGET.

=-_-+ + L + TX
Dx x x

Y =J_-+D +L + T
Y y Y Y

_P D z + TZ =--+ + L z Z

N3SOCL IS ACCURATE TO SEVEN SIGNIFICANT DIGITS.

USAGE

A)

C)

CALLING SEQUENCE -

ALPHA TSX N3SDCL,4

ALPHA + I ERROR KETURN

ALPfIA + 2 NORMAL RETURN

STt]_AGE REQUIRED -

CONSTANTS -

KDSU_IX SYN TDSUBX D x

KDSU:_Y SYN TDSUBY Dy

KDSUr_Z SYN TDSU_Z D
Z

KOO.XP SYN TNINT
X

KO(;.YP SYN TNIINT+I--
Y

3_ LOCATIONS

OUTPUT OF N4URAG

OUTPUT OF N6OPEP
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8P
KG0.ZP SYi'4 TNIINT+2 _

z

TNL_i<AG _SS 7 I_,4PtJT TO _,i4Di_.AG

E:) TI_E RECUI',RED - 53_)+O+P+N1_TRH+NTPCAL CYCLES

WHERE [,_ IS TIMING FOR N4DRAG

P IS TIMIi',_O FUR N6OPEP
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"'*'''**°.H*H * • •
• **m **

ENTER _ *BO*X USE ON-BOARb * ***i * INIToEQUAtiONS *C0"X THRUSTER *
• N3SCCL " • * NTPCAL l ° • • * IROCKNR)

,HIIH**m*ott*• ,OH*IOH,*HH

oD0°.°X_ RESTORE XR'S*

* * ° 1,2,4

***.***o**.****

,H***••**O*H• *H,WHHmm*JH HHH.*,H*H,
*" " " mCOMPUTE THRUST

: SAVE XR'S • :BI:X" COMPUIE DRAG _- " COMPONENTS ",

* 1,2,4 • N4ERAG *, T x Ty T z, ROCKHR .

*i.**HHt*Ht* .HHH.*HOH!

i EXIT
TRA 2,4

GEI PARTIALS • • IS THIS A * + • * UPDATE AREA •

• 0F X Y Z FCR PERICD 0F eX Co* *TO MASS NATIGe
POTentIAL TI_RUST • • • o _OC.(IW= •

•o N60PEP .m •.. • KAMASSITWT •

• _0

• IHIMK
• ..•..,..+.....,

" "_6 * • *Y_S .--* ..,° _ CALCULATE Ti_• IS THIS _L_ • *

• GUIC._EF_I_yMC_E CF l • ........ • I_ K_f?RNT_(I •X C_* •C_I'*X• D +Lx+Tx+Xp •

o

_ES

49 < D(MCZRWX)

<.54

**°°o**,•••°•,*

ZI CD+PUT+ ".
• [_STA_T. LA_K

a_CLE FC_
KG_Tr_ NITRB

•l,•,.,,,,u,Hm

_x ................

O**HWHH•,,*.

:SET UP Tbr_]_G:

tr r 1, vIINTO TNDRAG i

.,,•1.,.•..,** IHI+K ,.**,...,,..,..

• 0 INTO " ''* _'INTOTNFUNK ;

_'T X, Ty, T z :..._ C_: :Dy+Ly+Ty+Yp _"

.............. : -.. :............. :

."INTO TNFUNK + 26

.D +L z Tz+Z p
, z
• INTO TNFUNK + 52
°°•°°o°*•,.,*•*

• " IS THIS •xC 1.,1
(;UI_A_CF 1'c5_ ,x H-*

CF REtnIRY • •

,,o

D(MCZRMAX) = 54, 55

: SET GbICA_CE-

_0bE !_ INCICATCR lINTU KTL_E
.,,,*,,,*,•,***

•YtS
° ,'''.

• IS IH[S FII_ST ,X ++11
• R-K APPrOx. • °

• *H

• mr0

x

• .vts **.

IS I IISI'I eX t_tl

.._._....... : .°:

, " • °

• *.so **•

IS thls * ._ Do,"

• GUII)ANCI MOlq • •

H,

° YtS

• IS KlrJc_E-[; "_( DO_

• * *H

• * _ES

• • ,NO -o-

• •IS THIS ISI * - •

R-K APPROX *x Ou°

, TTEST I , ,••

_ES

,'***''**°'''''* °**

• uS° ON tOARD
EOUATIUNS **_ 0o*

NIPG_L * * *
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33. N3TRB - COMPUTATION OF INSTANTANEOUS BANK ANGLE FOR

TIME TC REVE_SE BANK

TFTSWT

C ) R B,NL_W

C) TTEST

D) KRATE

E) KSEC.O

F) KSEC. 2

G) FBANK

H) KBANK

INDICATOR TO SET T_ _OTE cJUT THE FIRST

TIME IN PROGRAM.

=C, NOT TIME T_ REVEPSE ANGLE

_0, IT IS TIME TO RFVERSE AN_L_

DENGTES WHICH RUNGE-KUTTA APPROXIMATION

i_CLL RATE

H IN FLOATING POINT SECONDS

HI2 IN FLOATING POINT SECONDS

FINAL BANK ANGLE DESIRED

BANK ANGLE AT END OF INTEGRATION STEP.

OUTPUT

A) BANK

B) KBANK

C) TNIRRB

INTERMEDIATE BANK ANGLE FOR EACH APPRO-

XIMATION.

BANK ANGLE AT END OF INTEGRATIi]N STEP.

DENOTES FINAL BANK ANGLE HAS BEEN

REACHED WHEN NON-ZERO

METHOD

B 2 = B 1 + B xh

B 2 = B I + B x h/2

USAGE

A) CALLING SECUENCE -

TSX N3TRB,4

+i NCRMAL RETURN
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ENTER
SAVE X_4

•***...lolitie*

• COeX TEST GNTIRt •
• • • GMTRBI NglRhB •

H **.**•t•wott.lmoe

.. : %'_÷•;_?_'Te
• • • T_[RRB REVERSE BANK

:oo:..×: SWT.0 INT_ P_NOW
e• _••_oe••o••l•••

o

• * * * "YES •.u _ ..... * .... *.*:

FIRST TIME *X C0_ _ RESET ENTRY • •*•• • ••*I**•*_**.**• •• SWT I IN10 * ........... cOl•X* EXIT

• * • • • TFTSWT • • * •

i
*

• * * •YES

• TETSWT=O *x CO•

• • •NO •**

RHNOW NOT=O • •_ DL_

• • _ES

X

• • •*He*HeH•*••

e • * •YES • COMI_UTE • *••

• T • X* PRESENT BANK • _ Di •
TIES =2 2ND • .............. " _ 2 •--- •

_NTEG. APPROX * :B2=BI +Bxh/ : " ••*

• *H•*••HH****

• *N0 •**
• _IH INTEG •. APpROX -_ DI:
• TIEST=_ • • •

_ES

• COMPUTE PRES*

:BANK B 2 =B 1 + :

• _ *

• *YES

• _B2 LTBf " *X Ole

• J

•Y_S :............:. .'"
IS SIGN Of B * .............. X•MINUS eI INIO•...X DO;

• M [ _RJS * * B2 *

• • * :..........o...* *-*

_o

: ._ INT0R= :...__o:
: : "..."
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34. N4DRAG - CAPSULE DRAG FORMULATION

DURING THE MISSION, N4ORAG PRODUCES THE COMPONENTS

OF DRAG ACCELERATION, THE TIMES OF BEGINNING AND ENDING

OF BLACKOUT, CAPSULE IMPACT DATA, THE VECTORS SPANNING

400K FEET, AND THOSE SPANNING 350K FEET. (SEE FLOW-

CHART.)

INPUT

A) TNDRAG

B) TNDRAG + I X

TNDRAG + 2 Y

TNDRAG + 3 Z

TNDRAG + 4 VX

TNDRAG ÷ 5 VY

TNDRAG + 6 VZ

C) TN7NI2

D) TN4NEX

TIME, to IN MINUTES OR SECONDS

AND _ VECTORS CORRESPONDING TO

TIME, T O IN FLOATING POINT.

INDICATOR SET TO DIFFERENTIATE

INITIALIZATION FROM ACTUAL INTE-

GRATION - ZERO INDICATES INITIA-

LIZATION, NONZERO INTEGRATION.

INDICATOR SET BY R2AINT (A SUB-

ROUTINE OF DIFFERENTIAL CORREC-

TION) (NOTE - NORMAL STATUS +0).

IF MINUS, THE N4DRAG PROGRAM WILL

NOT STORE IMPACT DATA. ONE OF THE

SIX TABLES NEEDED FOR THE NUMERI-

CAL DIFFERENTIAL CORRECTION IS

BEING GENERATED.

IF MINUS ZERO, THE PROGRAM WILL

NOT EXIT AT IO,O00 FEET. THUS

THE NUMERICAL DIFFERENTIAL COR-
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E) TNCORK

F) TEMNO + 146

G] TEMNO+I63

H) TN4SWI

I) TN4SW2

J] TN4SW3

K) TN4SW5

RECTION TABLES (AFTER THE FIRST

ONE) WILL ALL HAVE THE SAME END-

ING.

ORBIT COUNTER DURING GENERATION

OF CAPE VECTORS. NEEDED TO SET

UP CAPE VECTOR COUNT IF 10,000

FEET IS REACHED DURING THIS INTE-

GRATION.

COMMON LOCATION -

+[ INDICATES BACKWARD INTEGRATION

+0 INDICATES FORWARD INTEGRATION

COMMON LOCATION -

_0 INDICATES A NEW VECTOR

=0 INDICATES A RUNGE-KUTTA AP-

PROXIMATE

SWITCH, USED FOR STORING 2 VEC-

TORS SPANNING 400tO00 FEET

=0, THIS IS FIRST POINT

=It LESS THAN 400,000 FEET

=2, GREATER THAN 400,000 FEET

SWITCH USED FOR TB1 (BEGINNING OF

BLACKOUT) -

=0, THIS IS FIRST POINT

=[, LESS THAN 308,000 FEET

=2t GREATER THAN 308,000 FEET

SWITCH USED FOR TB2 (ENDING OF

BLACKOUT) -

=0, THIS IS FIRST POINT

=It LESS THAN 133,768 FEET

=2t GREATER THAN 133,768 FEET

SWITCH USED FOR STORING 2 VECTORS

SPANNING 350,000 FEET.
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L) TN4SW6

M] KFLOFX

N) KOVECT

0) BANK

P} TVSQOA

Q) KDENSF

=0, THIS IS FIRST POINT

=It LESS THAN 350t000 FEET

=2, GREATER THAN 350,000 FEET

SWITCH USED FOR TIME AT 325,000

FEET.

=0, THIS IS FIRST POINT

=I, LESS THAN 325,00D FEET

=2, GREATER THAN 325,000 FEET

=0, FIXED POINT INTEGRATION IS IN

PROCESS.

_0, FLOATING POINT INTEGRATION IS

IN PROCESS.

=Dr ITERATIONS FOR TTF

_0, CONVERGED TRAJECTORY, DO ALL

ALTITUDE TESTS.

PRESENT BANK ANGLE, USED FOR LIFT

COMPONENTS COMPUTATIONS.

COMPONENTS ACCELERATION.

DENSITY FUNCTION USED IN TESTS

FOR LOG (V2/A).

OUTPUT

TDSUBX

TDSUBY

TDSUBZ

XtYt AND Z COMPONENTS OF THE DRAG

ACCELERATION IN FLOATING-POINT

GEMINI UNITS.

RETROFIRE IMPACT DATA IS STORED IN TMIMPP -

A) TMIMPP FIRST TIME,t1, _ IO,DO0 FEET, MINI

ADDRESS, SECIDECREMENT.

TMIMPP ÷ I @ AT TIME tl, IN FLOATING POINT.

TMIMPP + 2 L AT TIME tl, IN FLOATING POINT.
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B)

C)

TMIMPP ÷ 3

TMIMPP + 4 X

TMIMPP ÷ 5 Y

TMIMPP ÷ 6 Z

LAST TIME, t2, _ 450,000 FEETv MIN/

ADDRESSv SEC/DECREMENT-

AND _ PARAMETERS AT TIME tI IN

FLOATING POINT

TMIMPP ÷ 7 VX

TMIMPP ÷ 8 VY

TMIMPP ÷ g VZ

TLSUBX

TLSUBY

D} TLSUBZ

E) TRBTRV

F) TVVSQA

G) TNREEP ÷ 2

H) TNREEP + 3

I) TNREEP ÷ 6

XtYtZ COMPONENTS OF LIFT ACCE-

LERATION IN FLOATING GEMINI

UNITS.

SIX VECTORS IN REVERSE FOR TTF.

SIX V2/A FOR GMTRB.

TIME, BEGINNING OF BLACKOUT.

TIME, ENDING OF BLACKOUT.

TIMEI AT 325t000 FEET.

THE NORMAL STATE OF TODRAG IS ZERO. THE RETROFIRE

PROGRAM SETS THIS INDICATOR TO A NONZERO VALUE ONLY DUR-

ING RETROFIRE CALCULATIONS - IT RESETS THE INDICATOR

TO ZERO ON COMPLETION OF THESE CALCULATIONS.

METHOD

THE FOLLOWING EQUATIONS ARE USED BY THE N4DRAG PRO-

GRAM -

Z) 2 2V= (V X+YCo +(Vy -Xwz )2 +V z
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h (GEOP. METERS) = 6378145.0 hGeminiunits/ l+hGeminiunit s

FORMULATED FROM ICAO STANDARD ATMOSPHERE.

Dx=-l/2pC dv (Vx+Ywz)

Dy=-1/2pC dV (Vy-XWz)

DZ= 1/2pCdV (Vz) -Yw Z

CO

Z

TBI

0. 058833543, ROTATIONAL VELOCITY OF THE EARTH

TB2:TL'C-T_

=sin-11

I__-.i_

---_]
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USAGE

A)

B)

C)

D)

CALLING SEQUENCE.-

TSX N4DRAG,4

e÷ I ERROR RETURN

_÷ 2 NORMAL RETURN

SPACE REQUIRED 294 LOCATIONS, EXCLUDING CON-
I

STANTS AND TABLES, ONE OF WHICH

IS TEMPORARY STORAGE LOCATION.

SPECIAL USAGE EXIT TO MFCPNI WILL NOT BE MADE

FOR A IO,OOO FEET INDICATION UN-

DER THE FOLLDWING CONDITIONS -

I) INITIAL FUNCTION TABLE SET UP BY NISUFT IS

PROCESS (TNTN12 = O)

2) BACKWARD INTEGRATION IS IN PROCESS

{TEMNO ÷ 146 iO)

3) AFTER FIRST OF SIX NUMERICAL DIFFERENTIAL

CORRECTION TABLES HAS GIVEN A TIME OF A

IO,O00 FEET EXIT, TN4NEX IS SET TO ZERO TO

USE THIS TIME AS AN EXIT FOR THE REMAINING

TABLES {NOT A HEIGHT INDICATION)

CONSTANTS -

KMO000 DEC -0

KO0001 DEC I

KO0002 DEC 2

KO0003 DEC 3

KO0060 DEC 60

KO00.5 DEC .5

KO01.O DEC I.O

K040.4 DEC .01911521591

GEMINI UNITS

KO.IE4 DEC .000477880397

GEMINI UNITS

400,000 FEET IN

10,000 FEET IN
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E)

K325.3 DEC

KLOGIO DEC

K°IPOC DEC

KO.RAD DEC

K. BLKI DEC

K. BLK2 DEC

K.IRAD DEC

K°OMEG DEC

KCFTSC DEC

KCH233 OCT

TABLES -

TOOIND

TOBLKT

TODCHC

TCSUBD

TCSUBL

TN4LLH

.0155311129 325,000 FEET IN

GEMINI UNITS

.43429448 CONVERTS LOG iN) TO
e

LOGIo IN)

•020309917 IP FOR ORBIT CAPABILI-

TY {425,000 FEET)

6378165 EQUATORIAL RADIUS OF

EARTH {METERS)

.01471876232 BEGINNING OF BLACK-

OUT {308,000 FEET)

.0063925105 END OF BLACKOUT

{[33,76B FEET)

57.2957795[

.058833780 ROTATIONAL VELOCITY OF

THE EARTH {GEMINI UNITS)

25936.272 CONVERSION FACTOR TO

FEET/SECOND

233000000000

TIME AT 450,000 FEET, MIN/ADDRESS

SECIDECREMENT

TIME IN SECONDS TO SAVE AT BLACK-

OUT ALTITUDES

TIME AT 450,000 FEET TO BE USED

BY DIFFERENTIAL CORRECTION

COEFFICIENT OF DRAG

COEFFICIENT OF LIFT

THREE-WORD OUTPUT BLOCK FOR

A3MSCP, CONTAINING LATITUDE {RA-

OIANS), LONGITUDE (RADIANS)) AND

HEIGHT {GEMINI UNITS)
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TNETIM ENDING TIME OF INTEGRATION IF

[0,000 FEET IS REACHED

TVELOC VELOCITY MAGNITUDE {INCLUDING

ROTATION OF EARTH)

TMBBNI NUMERICAL INTEGRATION INPUT TABLE

AND ASSOCIATED EQUATED K CON-

STANTS

TVSQOA COMPONENTS OF ACCELERATION

FOR OTHER TABLES USED_ SEE SUB-SECTIONS TITLE INPUT

AND OUTPUT.

F) COMMUNICATION CELLS -

MCNRRF ORBIT OR REENTRY INDICATOR

=Or ORBIT

_0, REENTRY

MCZRWX MONITOR CONTROL WORD WHOSE DECRE-

MENT INDICATES TYPE OF TABLE

BEING GENERATED.

DECREMENT =0, ORBIT DISPLAY AND ACQUISITION

TABLES

=I, CAPE VECTORS

=2, TIME TO FIRE ORBIT TABLE, OR-

BIT NAVIGATION VECTORS.

=3, DC VECTORS

=4, DC INTEGRATION TABLES

=5, ORBIT CAPABILITY

=6, NOMINAL VECTORS

=7, INTEGRATION THROUGH RETROFIRE

=8, MANUEVER REFLECTING VECTORS

=9, APOGEE, PERIGEE COMPUTATIONS

=TO, INTEGRATION OR DESIRED LON-

GITUDE
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=LI, MANUEVER COMPUTAIONS (PHASE

ANGLE)

=[2_ INTEGRATION THROUGH OAMS

BURI_

=50_ NDC TABLES BASED ON GUIDANCE

PARAMETERS

=SL, REENTRY TABLE BASED ON GUI-

DANCE PARAMETERS

=52_ IMPACT POINT

=53, TERMINATES INTEGRATION IF

LOG (V 2/A) < D

=54t NDC TABLES BASED ON ON-BOARD

GUIDANCE EQUATIONS

=55t REENTRY TABLE BASED ON ON-

BOARD GUIDANCE EQUATIONS

0=49 ARE ORBIT TYPE INTEGRATIONS

50-99 ARE REENTRY TYPES
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• • N4GT[

:... . * *N_
• AO • IS ALT* LT • ............ X
• • • 4bOKh <450K •

• • _ES

• " -NO ;........... *°_
• INTEG • .•• •
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• ies ::

NASTI

• * •YES •*• ::
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NER5 NIERR] * * NIERR2 N_BAK

"'* •YES **- **, ***'****'*"*"**
• •• • IS INPUT • * HAS PREV. *

:AO'. oX: SET AR6=5 ............ :O0:X ......
VECEOR FROM • ............ x ERROR IX B|• lO0 ..XIFIX UP ENDINGI

:,,• • : * • • DE MCOCC T • OCCURREO * ••••• :. * : TIME •• l* • NOT=0 • INIEEI NOT=0•

;,o :,o

"" : ............. i : ............. : ...............
:B,:..,: At- • i SEFO*=c,XR,, i EXIT i
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-, : ............. : : ............. : ...............

NER6 NIERRI

... :............. : ................,. : ............. :
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*A4 ..X* SET XRg=9 :...X BO•

:.." : : "...
!!!!it111111111

ERROR
REOUTINE FROM

SEC. 24-25
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35. N4PDEN - COMPUTATION OF ATMOSPHERIC DENSITY

THIS PROGRAM PRODUCES, IN GEMINI UNITS, THE ATMOS-

PHERIC DENSITY CORRESPONDING TO A GIVEN ALTITUDE. IF THE

ALTITUDE IS BELOW ONE METER THE DENSITY AT AN ALTITUDE OF

ONE METER IS GIVEN.

INPUT

A)

B)

C)

A ONE-LOCATION TABLE CONTAINING THE HEIGHT OF

THE SPACECRAFT IN FLOATING POINT GEOPOTENTIAL

METERS IS INPUT TO THE PROGRAM.

THE LIBRARY SUBROUTINES UIEXPE AND UILOGE ARE

USED.

CONSTANTS -

KOOI.O DEC I.O

KTOOK. DEC 700000.

KO4.M5 DEC .00004342595I

FLOATING POINT ONE

FLOATING POINT SEVEN

HUNDRED THOUSAND

CONVERSION FACTOR

kg/m3 TO GEMINI DEN-

SITY UNITS (GDU)
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OUTPUT

A ONE-LOCATION TABLE CONTAINING THE DENSITY OF THE

ATMOSPHERE IN FLOATING POINT GEMINI UNITS IS OUTPUT FROM

THE PROGRAM.

METHOD

GIVEN AN H* (IN GEOPOTENTIAL METERS) THE FOLLOWING

COMPUTATIONS ARE MADE t- (P) IS THE ATMOSPHERIC DENSITY

I N kg/m 3.

A)

B)

IF H* > 700,000 GEOPOTENTIAL METERS, p =0.

IF H* < "(CO,O00 GEOPOTENTIAL METERS, THEN

Inp = inp b- + m0g_ " In + m (H - H
R*L m (Tm) b

WHERE

m 0

go

= 28.966, THE MOLECULAR WEIGHT OF AIR AT SEA

LEVEL

= 9°80665 m2/sec2m- IS [HE ACCELERATION DUE TO

GRAVITY AT HEIGHT Hi

R* = 8.31439 .10 3 joules/0KKg

H_ IS A BASE HEIGHT - ONE OF AN ELEVEN-LOCATION

TABLE - EXPRESSED IN GEOPOTENTIAL METERS.

(T ) IS A TEMPERATURE -ONE OF AN ELEVEN-LOCATION
m b

TABLE - EXPRESSED IN °KAT THE VARIOUS BASE

HEIGHTS.

L

f CF. AN INTRODUCTION TO ASTRODYNAMICS, BAKER AND

MAKEMSCN, ACADEMIC PRESS,INC., NEW YORK,Ig&O,PP I03-I07.
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lnp b

(Lm) b -

IN SOME ISOTHERMAL REGIONS, Lm = O.

IS A NATURAL LOGARITHM - ONE OF AN ELEVEN-LO-

CATION TABLE - OF THE DENSITY AT THE VARIOUS

B/}$E FEIGHTS.

dT
m IS A TEMPERATURE GRADIENT - ONE OF AN

dH* ELEVEN-LOCATION TAttLE - FOR REGIONS

BETWEEN THE VARIOUS BASE HEIGHTS.

IN THESE

m0g _ H - H b

R* (Tm) b

-- 4.3425951 x 10-5p (in kg/m 3)

REGIONS

lnp = lnP b

p(in kb/m 3} = eIn

p (in GDU )

THE UNIT DF DENSITY FOR THE GEMINI SYSTEM IS DEFINED

TO BE (THE MASS OF THE EARTH)/(THE EQUATORIAL RADIUS OF

THE EARTH). 3 THE MASS OF THE EARTH IS TAKEN AS 5.975 X

1024 KILOGRAMS AND THE EQUATORIAL DISTANCE AS 6,378,165

METERS.

HENCE,

P(GDU) = 4.3425951X lO-5p(kg/m 3)
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THE TABLES USED WERE OBTAINED FROM DATA TAKEN FROM

ARDC MODEL 1959 ATMOSPHERE.

USAGE

A) CALLING SEQUENCE -

TSX N4PDENt4

PZE LIINPUT)ttL(OUTPUT)

ERROR RETURN

NORMAL RETURN

B) STORAGE REQUIRED - II_0 DECIMAL LOCATIONS EXCLUI)-
n

ING STORAGE REQUIRED BY SUBROUTINES AND EXTERNAL

CONSTANTS.

C) TIME RECUIRED - 0.520 MILLISECONDS {MAXIMUM)

INCLUDING 0.I28 MILLISECONDS FOR UILOGE AND

0.200 MILLISECONDS FOR UIEXPE.

D) ERROR CONDITIONS - AN ERROR RETURN FROM N4PDEN

IMPLIES AN ERROR RETURN FROM A LIBRARY SUB-

ROUTINE.

E) CHECKOUT - RESULTS FROM N4PDEN WERE COMPARED

WITH THOSE OF A DESK CALCULATOR. THESE WERE

SATISFACTORY.
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i _TER :
F_OM e,4

•.HHH.O.H,•
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°

i

• °
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;Es
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i
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P Pb

• ............. :
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............. _ ....
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• • C4PCQ

• BO • IS (L m)b = TO .x Ro •

• .. • .lot

_Es

t" lnp - InP b

: Bb(H* H_ :
: ............. "

C_PEX

_''..* eln o = p •.

-B2 * U1EXPE

• " * COMPUTE
• .. • •

*O•*H•,•••.,H

* • C4PER

• " " -YES *-**
• • * •

IS IHERE AN *x Bb *
ERROR * •918.

t .,*.

_o

C4PRX

... :.............:
:BS'..X:rEStOrExr_:
L.* :

H.o..•.o..o.•:

... :.............:
:B6*..x:aestor_XR2:

: Exit :
• TO 3,4
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C4PCQ
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:Bo.--xI 1_*-H{) :
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.••..g.•,.•.*.*

° •

• UILOGE •
• CL_OUTE •
• o

Hi•.J•,oooo.oo
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IS THERE AN • ........
tRROR

N0

C_PEX

..............: ....
• Inp ]nPb • . . .

• ...x B2 *
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• B5 ..X'C{XR_)+| INTU-...X Bb •
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36. N4CCEF - COEFFICIENT OF DRAG CALCULATION

THE N4COEF PROGRAM CALCULATES THE COEFFICIENT CF

ATMOSPHERIC DRAG ON THE SPACECRAFT AND THE COEFFICIENT OF

LIFT FOR THE CAPSULE IN REENTRY. ISEE FLOWCHART)

INPUT

A) KOgENS

B) TVELOC

C} MCZRWX

CONTAINS ALTITUDE IN GEOPOTENTIAL

METERS, FLOATING-POINT.

CCNTAINS VELOCITY VECTOR MAGNITUDE

GEMINI UNITS, FLOATING-POINT.

_CNITOR CONTROL WORD WHOSE DECREMENT IN-

dICATES THE TYPE OF INTEGRATION BEING

GENERATED. SEE NOCPNI.

OUTPUT

LOCATION TCSUBD, WHICH CONTAINS THE COEFFICIENT OF

DRAG IN GEMINI UNITS (AREA/MASS OF SPACECRAFT), IS THE

OUTPUT FROM N4CGEF.

METHUD

N4COEF USES T_E FOLLOWING EQUATIONS -

A_) C D = (CD') M

C L = (C_) M

KCD. CW =
AF. A. of cap. * Mearth

Mcap. • Aearth

412952008000

M
cap. * 0.453923

WHERE F.A. IS FRONTAL AREA
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B) T M IS A MOLECULAR SCALE TEMPERATURE DEFINED AS

(ABSOLUTE TEMPERATURE AT ALTITUDE IN QUESTION)

(MOLECULAR WEIGHT OF AIR AT SEA LEVEL)I(MOLECU-

LAR WEIGHT OF AIR AT THE ALTITUDE IN QUESTION.)

CF. AN INTRODUCTION TO ASTRODYNAMICS, BAKER AND

MAKERNSCN P. 104.

C) I_ IS ONE OF A 9-LOCATION TABLE OF BASE

ALTITUDES.

D) (TM) B IS THE VALUE OFT M AT BASE ALTITUDE H B •

dtM- (GRADIENT) AND IS ONE OF A NINE
E) L M - dH

F)

G)

H)

LOCATICN OF TABLE OF GRADIENTS.

FOR H < 90,147 GEOPOTENTIAL METERS (G.P.

METERS) -

T M = (TM) B + (LM) B (H-H B)

C S = 20, 046333 T M

MACH = 7905,3764

C'D ANDC' L ARE THEN SELECTED FROM A TABLE WHICH

CORRESPONDS TO A MACH NUMBER TABLE.

FOR 150,000 < H < [72,205

C_ = 1.75 + .25 cos

C_ =0.0

FOR H > [7.2,205

' =2.0C D

C_ = 0.0

172205-H
• 30439
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I) FOR 90,147 < H < 150,000

C S = 259.08 METERSISEC

MACH = 7905.3764 (VICS)

' AND C L ARE THEN SELECTED AS ABOVE.C D

J] TO SPECIFY CONSTANT DRAG

f

CCSUBD IS USED AS C D

K) TABLES

I) HUSBB I_B } DEC

2) LSUBM (LIv_ DEC

3) N4CSD IC_))

4) N4MOK (MACH)

5) N4CSL (CL)

16.E4tlOS.E3 9.E4,79.E3, 53.

E3, 47.E3, 25.E3, II.E3, O.

TABLE OF ALTITUDES IN G.M.

0., .02, .004, 0., - .0045,

0., .003, 0., - .0065 TABLE

OF CORRECTIVE FACTORS FOR

DETERMININGT M

' IN GEMINI UNITS,TABLE OF C D

WHICH CHANGES EACH FLIGHT.

TABLE OF MACH NUMBERS WHICH

CHANGES EACH FLIGHT.

' IN GEMINI UNITS
TABLE OF C L

WHICH CHANGES.

USAGE

A)

B}

CALLING SEQUENCE -

TSX

+I

+2

STORAGE REQUIRED

N4COEF,4

ERROR RETURN

II5 LOCATIONS INCLUDING IN-

TERNAL TABLES.
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C} CONSTANTS -

KCD.CW PZE

K.MACH DEC 7905.3757

KSUND DEC 20.0463333

K00.25 DEC .25

KO01.5 DEC 1.5

K01.75 DEC 1.75

KO02.0 DEC 2.0

KOO.PI DEC 3.14159265

NER 15

NER 16

NER 17

KOIO.O DEC I0.0

K30439 DEC 30439.0

KGM3.5 DEC 90147.607

KL.HGT DEC 141766.0

KT.GHT DEC 172205.0

COMMON LOCATIONS - CA

AREA/MASS IN GEMINI

UNITS (FLOATING-POINT-

ING), WHERE WEIGHT

FACTOR REPRESENTS

WEIGHT OF SPACECRAFT.

VARIABLE BECAUSE OF

WEIGHT CHANGE.

GEMINI UNITS OF VELOC-

ITY.

PROPORTIONALITY CON-

TANTS, C -T EQUATION.
s m

ERROR IN COMPUTING

VELOCITY OF SOUND.

NO C D IN TABLE FOR

MEDIUM ALTITUDE CASE.

ERROR IN COMPUTING C D

FOR LOW ALTITUDE CASE.

SYN STRGE
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TIME RECUIRED-

I) NORMALTIME = 0.672 MILLISECONDS

2) MAXIMUM lIME : (3.312 + .06 + .108 ) MILLI-

SECCNDS WHERE 1 = NUMBER OF LOOKUPS IN HSUBB

TABLE j = _UMBER OF LOOKUPS IN MACH #

TABLE

CHECKOUT- ALL POSSIBILITIES WERE TESTED AGAINST

CHECK CALCULATIONS. N4COEF WAS RUN

WITH NUMERICAL INTEGRATION AND COM-

PARED WITH NOCPNI RUNS) USING A CON-

STANT COEFFICIENT OF DRAG.
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,*****o,*°,,**.

i Enter :
N4CLEF

SQRT TEMP
°**_ °* GRAD. _ "
• B0*X *
• * * SQRT .

• _ • *YES ***

* CC_.STAkT t:r,_G * • *

H.

* *YES =*****e*m*****e
• °

IS TItE_E AN • ............ X* EXIT "*

£KROR NERI5

• •YLS
• _ h GT •

• l_,,CO0 C.P. * .......
• Vrr

_C

•,•.,,,*••,°•,,

*COMP. SPEED *

: OF SOUND , ...........

"D : 20 046333

:._..,: ........

SETUS

* _ h LT *NC •••

• _Tr • • •
• H•

INTu _2 •

x

• ,N0

]Sh GT *

17Z,2¢5 &.P. * .......................

m Ir

_Es

:•m,,,••.•.•.•: bt.

: C D = 2,0 , , • .
• ...X C6•

: ci= 0. o : ,,,,• •

TSB_ SETUS

• •v _ .•, o. :'"° ........ ":

:AS•X hOThB+9, 2 •X _70 "85"..X• 2Sg. l_ M/SECm
• • • • • • IN[,_ CS •

• • L

: :x .................

C' = 1,75 +.25 CO6Z

: g_o.o :

• h:hB÷9. 2 • ........

ECMCD

YF_

V *...x C_* -Cb,..X• D D

:7905.3764 C_ : •,••• ",,* :CL= CixM *

:**o*••,•*,,t•:

• GET rEt_P (;rA[_

•.............:

i TM+9.2

• INTO AC

:X .................

}

• COMP TEMP •

• GRAD. FOR h •

_•••H.••.••H•

TSBM

:............. : x
.•*, o * * * *

:._r...x.x,,;= C(XR2J-LI...X AS* * EXIT
,• * • • RETURN •

• . **ee*•****°•,•*

**** * *NO * • ***

• C8•X • IS MAEH L' 25 • " .............. X: Co=CDXM :..._( c6-*

***, . * * : CL = C l x M • *...

• *•*•*••H*•H**

* _E5

TM= [;h _-'hj" _'ji" _= i... : • : :.*

'r(MIB • ,_,

*••,•,**°,•****

: c_,c i • **.
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37. NSOTBI - NUMERICAL INTEGRATION OUTPUT TABLE

INITIALIZATION

NSOTBI STORES THE ANCHOR POINT IN THE INTEGRATION

OUTPUT TABLE AND INITIALIZES QUANTITIES NEEDED BY NSOTBL

FOR STORING THE REMAINDER OF THE INTEGRATION OUTPUT

TABLE. IN THE CASE OF SHORT ARC SOLUTIONS, NSOTBI CAL-

CULATES THE OUTPUT STEP INTERVAL FOR STATIONS IN D.C. AND

STORES DEFINING VECTORS. (SEE FLOWCHART)

INPUT

A) KOOOTA

B) KOOOTL

C) KOOOOH

D) KOOOTU

E) KOODTB

F) KOODTF

ANCHOR POINT TIME, EXPRESSED IN

FIXED OR FLOATING POINT SECONDS OR

MINUTES, DEPENDING UPON KOOOTU AND

KFLOFX.

CONTAINS ADDRESS_ IN FIXED-POINT,

OF THE START OF THE OUTPUT TABLE.

THE TIME STEP_ IN FIXED OR FLOATING

POINT AT WHICH THE POINTS ARE TO BE

INTEGRATED.

IF NON-ZERO, KOOOOH REPRESENTS

SECONDS, IF ZERO, KOOOOH REPRESENTS

MINUTES.

LENGTH OF TIME TO INTEGRATE BACK-

WARD, EXPRESSED IN FIXED OR FLOATING

POINT MINUTES OR SECONDS DEPENDING

ON KOOOTU.

LENGTH OF TIME TO INTEGRATE FORWARD

EXPRESSED IN FIXED OR FLOATING

MINUTES OR SECONDS, DEPENDING DN

KOOOTU.
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G) KDORND IF ZERO, THE N4DRAG PROGRAM IS USED,

IF NOT ZERO, THE N4DRAG PROGRAM IS

NOT USED.

H) KRORRV IF ZERO, r VALUES ONLY ARE IN THE

OUTPUT TABLEt IF ONE r AND v VALUES

BOTH ARE IN THE OUTPUT TABLE (IN

FIXED-POINT).

I) KINTVN NUMBER OF INTEGRATION STEPS, IN

FIXED-POINT, PER OUTPUT. THIS CAN BE

ANY POSITIVE INTEGER.

J) KOOOTI PRESENT TIME IN FIXED OR FLOATING

POINT.

K) MCIVOS LOCATES ENTRY IN TMSTMS, FIXED-

POINT.

L) MCIVSS INDICATES TIME STEP, ZERO FOR CON-

STANT OUTPUT INTERVAL, NON-ZERO,

VARIABLE INTERVAL.

M) TMBBNI ÷ 6 EQU KOOOTA

N) TMBBNI + IO EQU KOOOTL

O) TMSTMS REFERENCE TABLE FOR DIFFERENTIAL

CORRECTION.

P) TEMNO + 146 INDICATES INTEGRATION DIRECTION - A

ZERO TO INTEGRATE FORWARD - A NON-

ZERO, BACKWARD.

KOOOST

OUTPUT

A)

B) KOOOET

STARTING TIME OF THE OUTPUT TABLE,

EXPRESSED IN FIXED OR FLOATING POINT

MINUTES OR SECONDS DEPENDING ON

KOOOTU,

ENDING TIME OF THE OUTPUT TABLE_

EXPRESSED IN FIXED OR FLOATING POINT
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C}

D)

MINUTES OR SECONDS DEPENDING ON

KOOOTU.

KOOOTU DEFINES OUTPUT TABLE AS MINUTES OR

SECONDS TABLEv ZERO AND NON-ZERO,

RESPECTIVELY.

A QUANTITY (H X N ) WHICH DEFINES OUTPUT INTER-

VAL OF TABLE.

METHOD

NSOTBI DETERMINES WHETHER THE INTEGRATION STORING

INTERVAL WILL BE CONSTANT OR VARIABLE BEFORE STORING THE

INITIAL VECTOR AND DEFINING THE OUTPUT PARAMETERS. IF THE

INTERVAL IS VARIABLE_ THE ENTRY FOR THE VARIABLE INTERVAL

IS TAKEN FROM TMSTMS AND THE NUMBER OF STEPS BEFORE THE

NEXT INTEGRATION IS THEN COMPUTED.

USAGE

A) CALLING SEQUENCE -

ALPHA TSX NSOTBI_4

ALPHA÷I NORMAL RETURN

B) STORAGE REQUIRED - 19 LOCATIONS

C) CONSTANTS -

KO0001 DEC !
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• • N5OUT

• *el • * INTEG. "NO •e :re•tilt•*•'*•:

• COoX STEP/OUT • • ........ :DOto. X• RESTORE XR¢ •

• INTER.=Op • • •
eeee • KINTVN=O •

• .- : ............. :

X
NSOTBI e • NSCSS

*NO :******* ......
• • CONSTANT

• IS MC_V_S NOT ............... X: OUTPUT :
IINTERVAL SAVE•

• XRI
• **=Hte•*••.••.

• _ES

*••*••t.•••••••

: SET B/FIND •*•* e*••*******

e KOODTB INTO • : EXIT :

: TEMNO+146 : • TO TRAI,_ •
•e•*•*•*•••**••

•••••ee••oeH••

X • •

t••o..••o•••o.• • • •YES ••t
: : • IS THIS FLT * • •

• SAVE XR¢ • • INTEG KFLOFX •X 03•

: : * NOT =0 . • * *

• _o

NSNTVN

• " " .NO : ............. : ...
• e INTEG. FWRO * * .............. X: A[NCIVOS) +L:..._ A3:

• TEMNO+I_6=O • • INTO MCIVOS • • •

• * • :**•••.***o...: "*•

_ES

X

• • • ROUTINE TO • ••••••*••••••••

••mA3•X• CALC ISTEG • • COMP LOC OF •STEPS TO IST • • INTERVAL FOR•
• OUTP T • *USE IN NSOTBL-

""* "...._I_!:L.." :...[_!_:l..:

• • • * *• * COMPUTE AND :

-l•...X A3• •D3•..X• SET TIME •A(NCIVOS) UP
INTO MCIVUS * • • ° • • UNITS KOOOTU•

:•••e•*••••*••: ••• •• •,••••••**•.**°•INTO KOOOTL •

NSNTVI

• : GET tCA FROM •COMPUTE, STORE
• SAVE X_4 • _ TI?fE UNITS

• POSITION I_TEG.

: ............. : TO IN TMBTM_ : _ INTO K000TL
TABLE •*e.•*••••**•••

• STORE INTERV,e
• SJ=hXK. NTVN •

: INTO K000TL+I:

ROUND TO NEAREST

• • MINUTE

• o •eIH••••••tH•

• NO. •NO ee• :COMPUTE, STORE

• SEC. IN • •_ BS: •STORING INT.

• D(tCA) GT 30 • • • •h x n = K000TL + 1

• **•*•**•e*•***•

• _ES

"""" "-NO ... :'_R;,_'_I_'"
ee•o • R AND V IN • •

• csex OUTPUT. *X O8: : TS _ TA - TB INTO

• ••• KRORRV NOT=U .••• : K0O0TL + 2

• ••*••**••eH*••

• _ES

: ADD Z TO : :COMPUTE, STOR_ : ............. : • END TIME

• M_TES_ • "STABTT_E i SEE..... ! : TET_T
• A(tCA ) : TS = tA . tB I NTO NSNLI : INTO K000TL + 3
:............ : _............. :

• •INTO KO00TL 4 2 ••**••••'•••*••

X
eeeee•e•e•et•••

:•••••••e•••ee: *••**•••••**••*
COMPUTE, STORE* e•• e• •

• t IN MINS
• CA INTO : END TIME e e • • * • C&LC ADDR IN:

0UTP T TABLE•
e°..X 09e eCT*..X• FOR _TORING •

NTMC • tE = tA + tF + K000TL + 3 e e • • • •

o

.''o : KINTVN: : NQSTEPB .**• : ............. : ***

:Ra:..x: ICA-T c * TONEXT -BB-..X: oRop S_CONOS:..._ ,B:
.. • zoooo_- : OUTPUT *.** : FROR : ***..

REBTORE X_4

• eYES •••

• WAS ENTRY el C):

FROM N_NTVNw4 • •
• e ••e

e • lee

• NO ..x: co:
•me

:.••te•e••••••:

• COMP TABLE •
LOCRT NEEOED• ...........

• FOR STORING •
• VECTORS •

o

• e•u•I•••oe•*ll e••H.•.••*H••

: CALC AODR IN: •••• : _ ONLY SET : *'••" •

• INPUT TABLE • eOB•..X• XR_ - R INTO•...X 67.
FOR PICKING * * * • NSRLT • • • •

cUP DEF VECTOR• •• • • "•*
• *•eua*ae•*.•e* •*•••**ee**•***

******...**_._SOUT

STORE R • ee• .• .e••ee••.*.•..•
AND/ORV, E:..o; 00: :09:X: EXIT :

VEC. • • • * • • NSOIBL#I •

: DEPENDING • eee •• •••••••••••••-•
ONWHETHER

I_IORRV WAS

= OR _ 0
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38. N5OTBL - NUMERICAL INTEGRATION OUTPUT TABLE STORING

NSOTBL STORES r, OR r AND v VALUES INTO THE INTE-

GRATION OUTPUT TABLE ACCORDING TO THE OUTPUT FORMAT

PRESENTED IN NOCPNI. (SEE FLOWCHART)

INPUT

A) KOOOTL

B) KRORRV

C) KOOOST

D) TNFUNK +

E) TNFUNK ÷

F) TNFUNK +

G) TNFUNK +

H) TNFUNK ÷

I} TNFUNK +

J) KOOOTI

K)

L)

M)

CONTAINS ADDRESS, IN FIXED-POINT, OF

THE START OF THE OUTPUT TABLE.

IF ZERO, UNLY r VALUES ARE IN THE

OUTPUT TABLE, IF ONE r AND v VALUES

ARE IN THE OUTPUT TABLE [IN FIXED-

POINT).

STARTING TIME OF THE OUTPUT TABLE

EXPRESSED IN FIXED-POINT MINUTES OR

SECONDS, DEPENDING UPON KOOOTU.

22-X_

48-Y_ r

74-zj

24-£ .

76-Z..]

TIME ASSOCIATED WITH THE ABOVE

VECTORS.

KDONTS IF ZERO, STORE TABLEt IF NON-ZERO,

DO NOT STORE TABLE.

TEMNO + 146 DIRECTION INDICATOR - IF ZERO, IN-

TEGRATE FORWARD. IF NON-ZERO, BACK-

WARD.

MCIVOS LOCATES ENTRY IN TMSTMS {FIXED-

POINT).
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N) MCIVSS

O) KFLOFX

I

INDICATES TIME STEP - IF ZERO, IN-

DICATES CONSTANT OUTPUT INTERVAL, IF

NON-ZERO, VARIABLE OUTPUT INTERVAL.

IF ZERO, INDICATES TIME IN FIXED

POINT UNITS. IF NON-ZERO, INDICATES

TIME IN FLOATING POINT UNITS.

OUTPUT

THE OUTPUT TABLE OF NSOTBL HAS THE FOLLOWING FORMAT-

A) INDICATION OF MINUTES OR SECONDS. ZERO FOR

_INUTES, I FOR SECONDS.

INTEGRATICN OUTPUT INTERVALB)

C) STARTING TIME

D) ENDING TIME

F) r VECTOR IN GEMINI UNITS

G)

11 v VECTOR IN GEMINI UNITS

J)

NOTE - IF VECTORS ONLY ARE DESIRED IN THE OUTPUT

TABLE, WORD 8 CONTAINS THE FIRST COMPONENT OF

THE r VECTOR.

METHOD

NCI APPLICABLE

USAGE

A) CALLING SEQUENCE -

TSX N5OTBL,4

+I NORMAL RETURN

B) SPACE REQUIRED - 154 LOCATIONS
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C) CONSTANTS -

D)

KOOOOt DEC t

KO0003 DEC 3

KO0006 DEC 6

KO00tO DEC 10

CO_MCN LOCAT[ONS -

TNFUNK (39 LOCATIONS).
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.o...o.o°o..oo•

NSCTHL

• SaVE XR I :
XR2, Xr_

. * °

• VA.,^SL_ *_L * ;_:U : ............. "
• tUTPL_T ST_P • • IS STHRI_I, ,, *

• ,_cIvSOS net = * • _HfjNT!_ = _ •
-°.•o•Hoo••.ooi

• *;ES ".;,'_

_4t L O

g

(_UTpLJT E • l • 1S T[_ [_ Y 3 • °
i i Xo Vt(.ltll"S 0NLY•...X Ab• FLT PT I,\_l[3 IX AO •

• KRORRV:0 • •SIT - PELT#. I • l • KFI(}FX Nh[ : • i,+_•
• : 6 IIFLTA T ° 111 o • •_1•

•.••°,°,°••.•••

i EXIT
TRa l,g

°...••°..•o°,,°

•,•.o.•.•••o.,,

:OUTPUT "_ mad : : ............. _ COMP DIFF

• + : &t : t I - ts ! BETWI,:ENTIMEAND STAWr

•••,•*.•.•..•.•:SET&l:T&t : !.••. ......... : PItES'I'IME

COMPUTE LOC• , . -_ a'r ¢MC'nSS) . "VECSDES°RED:
• _ 5 •.. X • + K_OOTL _ -T FOR STORING • KRORRV = 0

VECS ,N TABLE
• • : + K00o* • •

• *,.••o..,.H*. • • • .

N%_DL N',STr
°.°.........•.•

• .............. x° otL[A [ = _ ...x CI•
I_L t^ t • •

: ............. : .,-

° ° •

• ,.°,,••,•,.••. •

: STORE teA IN : .''' _*............. : o. . " v VEC oq,,

i * • • DESIRE,)• OUTPUTT,_.BL_.o.X C8_ 13Ei_Th , - e. •O6°X • ........
DELIa ( •= t • • KROI{RV + 0 •

¥1S

NbSTK

COMP LOC "* let : K000TL + l0

FOR STORING ,CTo..X*+ =3[

VECTORS • • • C(K00TL + l) "

°,,o i'°°°'''*•''''_

** : ............. :

..•...°°..•*•.*

:XD IN'FO t_ + 3 :
STORE _* VEC • YD TNTO _ + 4 •

• ZD INTO_ + 5
_..1°..°..+•.°.

_X .................

!  ESTO..... !

NSSLP

STORE TO

VECTOR

*...•.....e,••.

IX INTO o X_2 • °'°

:YINTO++I, XR2 _..._ D6_

• ZINTO _ _,X3_.2_ e..

e..*..°e....°.o

! _xtr :
TRa ,,4
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t i

* •

**••.*,*•*•*•it ** * INO

START • CO•X IS TEMNO ,I Q ........

Q • o i • 146 =0 •

_,ES

NSEQT NSTAB

:.............: :.............: ...

SAVE XR4 _ ! COMP IPOS = *•...X• B3•• "
• MCVIOS*I • • • .

* ••*

MCVlUS INTO _

IPOS _ COMP IPOS =
* MCVIOS-I

............... :.............:
• .

NSTAB

°°*°H°*°*°•,*°

**

*B3°..X_ SAVE XR_ *

°*H°°°.*H..**

°
°

• °

• " " .YES :.............: -..

is K,,e,,v: o . •..............x: INITx_I,Te .:''';_0:

". ." :............." ...

_°°•••°*•°*,-•_

i ItwlT INTOXR_

• . : ............. :
....... : .... _;A_'N'° i
• - : ............. :

,,*°•••o•°•*°°°
* CALC ADDR IN*

o UUTPUT TAOLF"

• AC = IPCS °

• (IFAC) ÷
KOaOTL

.°*°,..**°•°°°*

. • **°.•..°•.°•,•.

• * * •NO "SAVE VECTOR

• FIRST TIME * .*TNICE IN OUTPUT

° Tt_KU THIS • .............. X• TABLE FOR = TIMES OF
PCINT °

° * ° CLOSEST APPROACH

• * •*,*•*°*...,..•

YES

_'°•°°°'°°°•*'_ .•o

oSA¢E ^CDR FOR, • •
° SIt;KING •...X CC °

VFCTUR • •
• *°.

_*•*'*•*°•'*••_ ...°°°..•.•°•.,

RtSTIJRE XK_ • ............... Xo EXIT

: : " ,I_:._:_...... •
•••°*°°°•°o*°o,



NSFL_

... : ............. :
•*aO*°.x. SET SWT FO_ •_. V VTCTC_S*

0 INTC FRST •
.o° •

..oo...oo.*°o*o

vr)L lit REAL TIME PRUCESSU_S PART IT - URd[TItFFNIRY

• • vlYL S• ARE R AND •

VECTORS • ............ X
• CESIREC •

• NC • NO

• . ..... X:

i
H.ao••.t.•..ee

[NFIJNK + lO0 i

• I'l ILl A (NF'_TV J•

• • • * * N_JJL

• *Y_S _"''"*"'"'_

• IS INTEG •_c...._ ................: ,(.xllI I_T*:
• • TNFUNK_JU2 •

• •INTO A(_l@SIVle
H•H**Ht. HI•

NSJJ_

* • *26 INTU XR2t_I
• C2•..X* INTO XR_ •

* • * llBXkll INTO•

• * X_L

N_JJ2 NBSTV-!

..............: :.............:
•". : ,_ i_,o ,._• :vx,v_:_}Zl_,o:• B_•,.X• (FXKI) INTO •

• • • XRL • KOOUTL _411 •

em H.HI.H..*O•* •°O•.OH•Wt*•._

X,Y,I,/ - - C(XHl} = XRL.

: VX,VY.VZ, _ _ + 3 Intu •]NT{: KOOOTL ATI_XRLI •

......:::_ ....: :..............

_oo•o•°•*••.*•_

i CIXRI) =Xkl+3 INTD i
AIFXRI)

• NSJJ3
• i..t++.•.tHeel

IS SW IOR ° • TNFUNK+|O0 * +I'IO

SfORI++o R • .............. X'INTO AINBSTVII...X C2e

• VECTOR 5[T• • • J INTO FRST • • •
eFmST NtJT =()- • -.*

• ..e

• YFS * •
.......... x• C7.

..l

• • *YES • * " -NO

• ARE r AND V ° IS SW +O_ •

VECTORS * ............ X StOkl_b V

CESIREO. • * VECTOR SEt *

• NO • YLS

:
................................ X:

i

°I•° *

• CT*..X* RESTOR_ XIAS •

NSJJ2

• TNFUNK_I02 • •
• .............. X•INT0 _INFSTV)e...X B3•

• 1 INTO FRST * * *

: Ex,, :
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3g. NSCAPI - NUMERICAL INTEGRATION CAPE VECTOR

INITIALIZATION

NSCAPI INITIALIZES THOSE TESTS USED BY NSCAPS TO

STORE CAPE KENNEDY VECTORS AND CORRECTS THE ANCHOR POINT

ORBIT NUMBER IF NECESSARY. (SEE FLOWCHART)

INPUT

B) KO00.

C) KO00.

D) KOOOTA t a

E ) KOO_TB 0 B

F } KOOOTF O F

ra -R VECTUR AT ANCHOR POINT

TIME AT ANCHQR POINT

NUMBER AT CAPE VECTORS TO BE COM-

PUTED BACKWARD

NUMBER OF CAPE VECTORS TO BE COM-

PUTED FORWARD

ANCHOR POINT ORBIT NUMBERG) KCAPON 0 A

H) TEPNO + t46 DIRECTION INDICATOR. NON-ZERO FOR

BACKWARD I_TEGRATION, ZERO FOR

FORWARD.

I) KDONTS WHEN ZEROt STORES TMCAPE TABLE AS

DIRECTED

J) KLCNGD LONGITUDE TO INTEGRATE TO FOR A GMT.

K) KOOOTL CONTAINS ADDRESS OF OUTPUT TABLE.

OUTPUT

A)

B)

C}

TNC_RK

NERI9

KOOOST

CONTAINS IHE ORBIT NUMBER OF THE

NEXT VECTOR TO BE SAVED.

ERROR IN COMPUTING LATITUDE_ LONGI-

TUDE_ AND ALTITUDE FOR CAPE VECTORS.

STARTING TIME OF OUTPUT TABLE.
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D) KOOOET ENDING TIME GF OUTPUT TABLE.

I

METHCD

N5CAPI USES SUB SPACECRAFT LONGITUDE COMPUTED IN

A3MSCP TC DETERWINE WHETHER THE ANCHOR POINT IS EAST OR

WEST CF THE CAPE, AND CORRECTS THE ANCHOR POINT ORBIT

NUMBER IF NECESSARY, THIS PROGRAM ALSO INITIALIZES THE

INDICATCRS USED AS INPUT TO N5CAPS.

USAGE

A)

B)

C)

CALLING SEQUENCE -

TSX NSC_PI,4

NCRMAL RETURN

SPACE RE_UI_EO - Ill LOCATIONS

CONSTANTS -

KO0001 DEC

KOCO02 DEC

KLCAPE DEC

1

2

4._7714B05O

KOISDG OEC .261799387

KO0003 _EC

LONGITUDE OF CAPE

IN RADIANS

15 DEGREES IN

RAOIANS
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,°,,°,,°,,°.**°

: START :

NSCAPI

SAVE XRS *

• l,Z,4 *

X

IO***tH*tH*ll

*PICK UP T ,R •
• FROM A A*

:TMBRNI FOR :

* A3MSCP "

**°°*,*****,,**

,*COMP kA FROM *

• ANCHOR POINT *

• , TA.R A A3MSCP **

* NOINT

• " " -YES :.............: :.............:
• • • INIT NSCAPS

IS D(MCIRWX) * .............. X* F0R GMT = : ................. X: e = 3

= 10 * * F(LONG) *

:.............: :..............

R
NOCVV

,=*********o*** **°ill*°******,

* * *YES • INII NSCAPS * *SET OUTPUT LOC

• * ° POK CAP_ _ FOR T E" K000TL+3• IS D(MCIRWX) - .............. X° VECTORS A,qD :

= 1,5 : URBIT : :INTO NOLNT+I
CAPABILITY

_c

NOATV *
• °**••*n******* *

• . :... .."
: INII NSCAPS : a =I :...X AO * IS ATLT15
°FOR MANUEVERS* : • t938•

• * _ES

,,e*******,,•l,

hGATV

:...q:._ ....: ....
: DT13 T E =T :---_ AC*m

+DTF A , *q38*

°NO

NOATV

:.............1 ....
..

* • *SET TO BYPASS* * *

• ........ *Dhe..X•NOSWT LOGIC 0*...x A0 *

• * * INTO NOSWI * ,938.

.H*mHHH•.*•

°

• " *_O * • *NO

• X T -A A = 0 * * ............ X • AT - AA GTO * *: 0(,:
• °

YES

.*•*****,*,••°*

* SET TO BYPASS*

:_oswzLOGICo:
• INTO NOSWT •

-.............•

••*

• • _ES

x
.*****°****.*.*

: X A LT Ar

*"1 INTO NOSWT **

:.............:

:x ...............................

NOCVH+I

,,,•••**°**,•,*

° *•*

*SET TO _YPASS*...X O_ •

° P,Q L(IGIL • *_3d•

******••*°,•***
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NOATV " •

of. • • • mE, 0

:AO•• * _A LT_c •

• • _ES

WEST

• eVuS .m,

IS t_ • • •
• HACK.ARI) _.I° mX t_3.

• IF_O + 146 * • •

• net = C - .•.

_C

E_T • o

* IS THIS Y_S .*.

........ E:ACKWARD N.I. . .......... X: CAPEINTEG[IDWARb•INTCJ•...X" B3:

.... X TEMNC÷I_6 NOT • •''° : Q _GLVQ 2 • *

.._!L_:_: ""

_o

• _xCM CAP_ 2 •

• INTO (_ NOLV0- ...........

• 2 INtO P, •
• NL)CVP •

InTEG TCWARC•
CA_E 1 IKT0 • ..........

llkT. P, NO(VPw
,H•H•.m.H*H

• E_C_ CAPE 2 •
• INTU _ NOCVQ•
• I LN_IJ P, •

• nl)CVP •
H•H••n.•.•*••

............... X:X .................

• °•• • • * °YES

• B3°X IS OIMCZRWXl " • ........................................................

= HtlO •
o.

i

• l*•l•+,•llme•+ NOCVH÷[

" ,+FS : ImT FOR : "'" : ............. :
• IS THIS • • •

PACK+ARD N.Z* l .............. Xo BACIONABI) N.I." ........... oD+ ..X: RESTORE XrS

IEMN_+I46 mt)t • : OB IRTOOT 1,2,4
• = 0 • HHHHH,,H+ H• :.HH+HHH,:

H••H..°•.••• NoCvH+ I

• INIT FOR FWRD. o • • •

: INTEG. 1..°: D41

:0 T =0 B +Of : ,,,

H.°+.•.H•H,,

INTO D(NOCVT)

RESET ORBIT

COUNTER

OCF =0 B + 1

i exit :
IRA 1,4

elullel_ool_@*l
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40_ NSCAPS - NUMERICAL INTEGRATION CAPE VECTOR STORING

N5CAPS TESTS THE CAPE GENERATED VECTORS_ STORES

THEM_ AND TERMINATES NUMERICAL INTEGRATION WHEN THE LAST

DESIRED CAPE VECTOR HAS BEEN STORED. (SEE FLOWCHART.)

INPUT

A)

B)

Cl

TNFUNK ÷ 22

÷ 48

÷ 74

÷ 24

÷ 50

76

KOOOTI - t.
)

KOCOTL -

D) KOODTB - 0
B

E) KOODTF - OF

F) KCAPON - 0 A

G) TEMNO ÷ 146

HI TNCORK

CURRENT r.
1

i} -CURRENT vL

CURRENT TIME.

CONTAINS ADDRESS OF START OF

TMCAPE, AND OTHER OUTPUT TABLES.

NUMBER OF CAPE VECTORS TO BE

COMPUTED BACKWARDt FOR CAPE

VECTORS OR ORBIT CAPABILITY,

OTHERWISE LENGTH OF TIME TO I_-

TEGRATE BACK.

NUMBER OF CAPE VECTORS TO BE

COMPUTED FORWARD, AS WITH

KOODTB.

ANCHOR POINT ORBIT NUMBER.

DIRECTION INDICATORy NON-ZERO

FOR BACKWARD INTEGRATION, ZERO

FOR FORWARD.

ORBIT NUMBER OF NEXT VECTOR TO

BE SAVED.
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I) TNCORK ÷ I

J) KLCAPE

K) KDONTS

L) KOCOOI

M| KOCO07

N) NER20

O} KLCNGD

P} KFLOFX

GJ KOOOTU

RI TRPEAT

S) K060.O

T| KOC060

U_ KOOI.O

ORBIT NUMBER OF NEXT VECTOR TO

BE SAVED WHEN INTEGRATING BACK-

WARD DURING MANEUVERS.

DEC 4.877148056 LONG. OF CAPE

IN RADIANS

PZE = 0 STORE CAPE VECTOR TABLE

(TMCAPE)

0 O0 NOT STORE CAPE

VECTOR TABLE

DEC I

DEC 7

ERROR IN COMPUTING LAT.) LONG,)

AND ALT. FOR CAPE VECTORS.

LONGITUDE FOR GMT

ZERO) TIME IS IN FIXED POINT

UNITS) NON-ZERO) TIME IS IN

FLOATING POINT UNITS.

MINUTES OR SECONDS CODE = ZERO)

TIME IS IN MINUTES = NON-ZERO)

TIME IS IN SECONDS

= ZERO) N.I. HAS NOT BEEN RE-

STARTED = NON-ZERO, RE-INITIALI-

ZATION OF N.I. HAS OCCURRED.

DEC 60.0

DEC 60

DEC ! .0

OUTPUT

THE OUTPUT TABLE (TMCAPE) USED FOR CAPE VECTORS AND

ORBIT CAPABILITY HAS THE FOLLOWING FORMAT -

A) CECREMEhT ORBIT NUMBER OF THE FIRST VECTOR

IN THE TABLE.
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B) ACCRESS ORBIT NUMBER OF THE LAST VECTOR

IN THE TABLE.

D) r VECTOR IN MERCURY UNITS

E)

G) v VECTOR IN MERCURY UNITS

H)

I} TIME IN MINUTES IN ADDRESS

J) ADDITICNAL VECTORS STORED AS IN PASTS C TO I.

THE OUTPUT TABLE FOR A GREENWICH MEAN TIME AS A

FUNCTICN CF LONGITUDE HAS THE FOLLOWING FORMAT -

A) INCICATICN OF MINUTES OR SECONDS. ZERO FOR

MINUTES, NON-ZERO FOR SECONDS.

B) [NTEGRATICN OUTPUT INTERVAL - NORMALLY ZERO

C) STARTING TIME-NOT NEEDED, MAY BE ZERO

D) ENDING TIME OR GMT FOR PRESENT LONGITUDE

FI r VECTOR IN GEMINI UNITS FOR

G) PRESENT LGNGITUDE

H) !_ -.

XD

YDI) V VECTOR IN GEMINI UNITS FOR

J) Z PRESENT LONGITUDE

THE CUTPUT TABLE FOR MANEUVERS HAS THE FOLLOWING

r VECTOR IN GEMINI UNITS

v VECTOR IN GEMINI UNITS

ENDING TIME

FORMAT -

BI.

C)

D) XD_
E) YD

F) ZO

G ) tE
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H) O N ORBIT NUMBER OF PRESENT VECTOR

MBTHOD

NCT APPLICABLE.

USAGE

A) CALLING SEQUENCE -

TSX NSCAPS,4

÷ I NORMAL RETURN CONTINUE INTE-

GRATION.

÷ 2 FINAL RETURN, INTEGRATION IN

GIVEN DIRECTION IS COMPLETE.

÷ 3 RESTART INTEGRATION PROCESS

B) SPACE REQUIRED - 228 LOCATIONS
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NSC_PS

START

,,°*..,*,,o*,,,

: s_v_ xR,s :
L.2,4

• PICK UP • R •
• Vi[,'O_l' t'*

CALL SEE CFA3+SCP :

SET T i IN
PRCPER L_ITS

• bSI_G A3TSDP •

VOL Ill REAL TIME PROCESSORS PART II - []RBIT/_EENTRY

• *NO • * + ,YES •**•

11"• - • IS INTEG -NO IS TABLE • °'1• •

• BO•X Tr]w/hcD CAPE _ " • ............ x BEING STG_FD i ........ mOO,X INTEG FL]RkARD • •2 AO •

GT l • KOONTS = (_ • .• • TEM'_O+I4b = 0 • 1944*
• • .. • •.,.

;ES " ;Es . _u
. :

NOCUM .NOMV3 • •

: ............. : --. : ............. : " h " .,,.Ls ....
_J-I _ * * • COMP LOC I_ * -x C7*

= •CL ..XmTMCAPE t_LK TO- GT ts * • *

: : :+•" .'STORE vTI. V.[.: .....

_.°°*••••*•**,:

:SEI ALPHA = I:

: RESTORE XR'S:

• ° NSNSV .NOVI+T
° •

• "YES "*•+

• • IS _= 1 ° •_- C3 •*
m

• ,94b•

*

:x .................

x NOCV_

. • ° .

• *Nu ••**
IS FORWARD *

INTEG NEXT. •X a2 °

• K(]OUTF NUT = + •'_440

0 • ,,,.

"_ES

.............. : ...... : ............. :

UPDATE ORSIT•.,.X D01 •D} ,.X• RESTORE XR'S,

NU_Et_S • • • ° • • 1,2,4 •

: ............. : ...... : ............. :

• USING A3MSCP *

• * COMPkLFROM *

• CURRENT T i, R i •

°

+•..°•••o°..**•

i Cx,, :

• .YES ••-••,,*+,,**--

IS TFERE ab * ............ ×: EXIT

ERRCR • NER20

• ***•*H•*HOt.•

• _c

• ,P,[ :....
ISc(= 1,2 •x _C •

• *944,

.

• *IS PCSITIC_°Y_ S ° " X c LT °YES :-• .

EAST CP CAPE • ............ X _ ........ °CT•

P GT 1 k i

_c " • Go

• }, *YES +l • ..••

• x CTm P = P-L _...X BO•

GT k i * • m.•• •..+• "

• .•*••,,,**H*.•

tc

• •NO
. ••••.

IS (_ = I *x DO*
• • • + * *

• •• . ° • • •*.

• _ES

_••+m°*•.••°.•_

RESTORE XR°S_

IIIIIIIIIIIIIII

***•*•°•.••••.•

EXIT •

- RETURN 2,_ •

_••*•''•'•t'+" i" ••°

p : P+i :..._.0:

:.............• ...

i -- i
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• • • * • • NOVEC • •

[•*. • tE •YES t•.• woo • •YES •oft tot • • _ t LT IN_ ••"

cAB ° GT ti • •_ CTt• :BO•• ° SET TO BYPASS ° °_ AOmm :COeX _i ............... X: P " P-1 :..._ C2:
• • • • tg43• ° ° • P,_, LOGIC * *945. • • • • °

• _c ".Ao "-;ES . •
........... X• AO •

•94S•
H•*

NOVEC

i
NOVFT Ii1111111111111 i i i

• No F = OF_OB_I* • • •YES *•* :_'•*'''''''''_

: NO B = OB • • IS P GT [ • •X• CO-• ••C|•''X•• • P - P•L

**• • • .YES

*&2 • ALPHA • | • ....... •

CE

NOCVF

:SET START 'NO:

• END REV. NCS.•

• _BS :"'.
.......... X* AO *

•gAs•

................. NOVEC

i

• SET START AND•
• ENO ORBIT ,

NOS.

• • • • NOVEC

• A t GT •NO ••• •• • •YES ••**• • • • • • • *

_i * *x•El** **c2*x.. Is Q G_ Z • ...............x:. Q • Q-l :---_.*_4s*AO*

• NOCUM

• • •YES ••••

IS A TABLE • • *
• BEING STOWED *X C[ •

• KOONTS = 0 • •_43•

_o

,,,•,,,*,•••••,

• A(TABLE)= O A

-NoB + 1

D(TABLE)- OA_NoF

_X ................................

• • NOCVB

• YES mm*•

IS TABLE •
BEING STEREO t_ C3"•

• KOONTS = 0 tq43•

• •H•

• _c

NOFNK •

• D(TMCAPE)_ O A +AO F :••• • •HAS RESTART *YES ••'•

• OCCUREO " A4*.

: A(TMCAPE) =OA+AOB_I •C4 • •TRPEA_ NOT : •i1.." :_:_"

• NO

i SAVE LAST PT
ASX, Y Z XD YD ZD,

h N O_IT_U_'

:..._30.%%(._:.?.

IS TI_E N "N_ •** : Ti, Ri, Vi, INTO

• _INS K_OOTV = • ........ •05•..X•TMBBNI

"••• : NOSAV INTO TMBBNI

• _ES

! CHANGE I E TO:..._ DS: : SEcsSETSWINTEGFOR :

SECS • • • : W/R-K I INTO,• * ••• TRPEAT •

• . NOCVh

• ,YES :O A - NOB = ON m,• •••••INTEG
• 8ACRWAROS • .............. X• INTO OUTPUT ,...X D3 •

• TEMNO + 146 • -9A3•
• SOT 0 * : BLOCK 18) :

• • •*J*••*•**•*.*•

• lo

: RESTORE XR'S,

1,2,4

NOCVB

.Q••• • •.•.t,•*•

:°A+_or:°N: :'''.
• INTO OUTPUT *...X 03 *

• BLOCK(B> : :_:!"
EXIT :

RETURN 3,4
•••••H•••t••*•
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NDVEC • • • *

• •. * *NO • *A T -_;. .NO
• • INO P.G, •

:^o. EC_C_DS_T=. .............X. LT0
l•°

• _ES • • _ES

• NOVCI

• • • NOVCI

* NOSV_T * eND *••
• INTO I

• ............ X * HAS LONG BEEN * *_ AL:

• CROSSED * • *

• • .To

• • _ES

NOFNK

:**"*****'*'*; .°•,

• 2 2NT0 NOSWT•...X C_ •

: hlaT_T : :.%_."
ltllllll}lllltl

• * * • °YES • • ° • •°°
• • • HAS RESTART * - HAS LONG BEEN NO_ • °

CECbRRED • CROSSED _OSWT &l•
••AI•X. • TRPEAcT hit = • • ........ • LT ° •X°

;,c ;ES

•............. :
• SAVE TIME ANC*
• VECTCR FCR •

• RESTART NOCVV m

• II_IC NOSAV •

: EXIT :
• RETURh It4 *

ii!1111t1111111

iiiiit1111111tl

• '' " SAVE T i INTO •

LJ..x: TE_N
:.." : OUTPUT TABLE I

illlilillllll{I

: ............. :
SESTCRE XR'S_

• l,l,R
•oum.le•••Ho°_

_x .................

i
H•m•IHi•nn•ii

: EXIT :

• RETURN 2t4
t11111111]111tl

°

NOFNK

: : ....
ol- INTO NOSWI•..._ C4"•

:h iLT AT : :_:_"
••°•°•Hm_otHJ

NSNSV • -

• •H••°•°°•••.m.

:°'* • IS INTEG BAc:N_ •UPDATE ORBIT •

•c3. TEMN0+*_6NUT ...............x: COUNTER:
:**, = : oc : oc + i *

"_ES

•°••••.**°°••.:

i O c : 0 c - 1

oa•o••moo*••ol•

.•*••••••••*••.

• "FINISHED* °YES •,°•

* • O c GT _ OB • °_ A2•o

+ _ OF • *944e

" , • " °*°°

• * * *NO :*•*•• ........ :

• e FINIS_EOOc= e ................ : 2 INTO Q :
e

• •**•*••HH••°°

• * ;ES :****
.......... X• A2 °

"9_4•

:*°°•°•-•°•°°°:

: RESTORE XReS:

1,2,4

:.............:

°.•°*°o°°°°.°•,

i EXIT :
RETURN 1,4

o••o°°oi°°°°°°°
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41. N6OPEP - EARTH'S EFFECT ON SPACECRAFT CALCULATION

N6OPEP CALCULATES THE FORCE ON THE SPACECRAFT DUE TO

EARTH'S PCTENTIAL. {SEE FLOWCHART).

INPUT

THE SQUARE RCOT LIBRARY SUBROUTINE, UtSQRT, IS USED

WITh THIS PROGRAM. THE FOLLOWING INFORMATION FROM THE

TNFUNK TABLE SERVES AS INPUT TO N6OPEP -

INPUT

X

Y

Z

SYMBOLIC LOCATION

TNFUNK ÷ 22

TNFUNK + 48

TNFUNK + 74

FLOATING POINT

CUTPUT

@P KO0 .XP

8X

8P KOO.YP

BY

a_P_P KOO.ZP
8Z

FLOATING POINT

IN GEMINI UNITS

METHOD

THE FOLLOWING EQUATIONS ARE USED BY THE N6OPEP PRO-

GRAIV -

7r 7 7 +
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OP Y JY
8Y 3 5

r r

_o__(_e_,:+_.I
7r 7 r r

Z-JZ( 3-k5z2' -HF/ /7z2' Z2_ 7)_L_o-Tj_-r r r

_D_ 5
7r 7

r=%]X 2+Y2 + Z 2

70Z2 6r_4 )2 +
r

USAGE

A) CALLING SEQUENCE -

TSX N6OPEP,4

NCRMAL RETURN

|ERROR RETURN IN UISQRT LI_i_ARY SUBROUTINE IS

HANCLED _Y YCNITOR. RETURN IS A LOCATION IN

MONITOR.)

B) SPACE RECUIKED -

C) CONSTANTS -

KOCOO0 0

KO00.6 0.6

KO0_I.O 1.0

KO02.0 2.0

64 LOCATIONS |MAIN PROGRAM)

PLUS UIS(jRT .AND

i0 TEMPCRARY L_CATIONS DE-

SIGNATE[) 5Y TEMN3.
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D)

E)

KOC3.0 3.0

KO05.0 5.0

KOOOJ. 162345.E-8

KOOOH. -.575E-5

KOOCK. .7875E-5

KO06.0 6.0

KO09.0 9.0

TABLES USED -

TNFUNK 80 LOC&TIONS

TEMN 3 I0 LOCATIONS

TIPING -

KOO.XP SYN

KOO.YP SYN

KOO.ZP SYN

5.78 MILLISECONDS ÷TsQRT = AVERAGE

TIME SYN CARDS FOR NOOPEP

TNINT

TNINT ÷ I

TNIINT + 2
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I!111111t!11111

?JbCPEP

• S_VF XRS
1,2_3

..,ol**********

• COMPUTE *

i R2 =X2+y2+z2

***°************

• SQRT *

* * * *YES ******...,.H**

IS TH_P.E AN * ............ X* EXIT *
ErrOR NE_21

..*******1****•

NO

. ............. : - ............. :
COMP. ••** * Bp

R s, r 4, R5 _ *cs*. • X-- _ = Y/R 3

• .. ,...... !_.?._..:
o

*°.**.***m****_:COMP. ***********•mlliCOMP.

*(Z/R)2*7(Z fa)4 i : C_/rz "

!.:o_!_ ...... i.._:J..i

o°,,*•, g**••***

• COMP

: _/_ _-_z/_) _}

i..:.._.J._._t.3:,.!L_)2]

COMP.

B=K/TR 4 _+631Z/P-.) 4

i COMP._° =x/rS :..._c_:
:......._:PL: "'"

COMP

D=K/7R 4 _5-_3( Z/R) 4

.:t_)_J.:_...

....*******....

COMP.

E=I/R 2 _(Z/R)2-7

..._)J!:_..

ilIDIIIttliltii

* COMP. * ***

:..js_:_:_O.: ...

• • * 1,2,4 *

• LXIT

• TRA [_4
.°***H*H°*.**
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42. N?VARS - VARIABLE STEP INTEGRATION EQUATIONS

N7VARS DECREASES THE STEP TIME OF INTEGRATION BY

CNE-HALF ANC CALCULATES F VALUES FGR THE HALF-STEP. {SEE

FLCWCHART)

INPUT

A)

6)

C}

D)

E)

F}

G}

H }

I)

J)

K}

L)

KOOOTI - PRESENT TIME [_E INTFGRATION, IF TNTHSI

IS # O_ TIME IS TO THE NEAREST UNIT.

KOOOOH - INTEGRATION TIME STEP. IF TNIHSI IS

O, TIME STEP IS TO THE NEAREST UNIT.

KOOO.H - TIME STEP IN GEMINI UNITS.

KOO.2H - (KOOO.H} 2 IN GEMINI UNITS.

KINTVN - NUMBER OF STEPS PER OUTPUT.

TNFUNK - FUNCTION TABLE (SEE TABLE TNFUNK)

TN7NI2 - INDICATOR = O, ENTRANCE FROM NISUFT,

THE,KEFCRE, HALF-STEP F VALUES ARE NOT CALCU-

LATE[). INDICATOR _ O, ENTRANCE FROM N2EXCR.

TNSAVR - LAST _ AND _ _ERE SAVED IN THESE

L.CCATIC_S (F).

TN71CT - CCUNTER TO DETERMINE THE NUMBER OF

TIf'ES ThE TI_E STEP WAS DECREASED FOR CON-

VERGENCE IN A PARTICULAR INTERVAL.

TNlhSI - INUICATOR = O, IIME STEP IS A UNIT

NU_kER. INDICATOR # Ot TIME STEP IS LESS THAN

UNITY AKD IS EXPRESSED I_ FLGATING-POINT UNITS.

TNIFPT - PRESENT TIME OF INTEGRATION IN FLOAT-

ING-POIKT UNITS.

TEtVi_O + I46 - INDICATOR : O, FORWARD INTEGRATION

IN PROCESS. INDICATOR # O, BACKWARD INTEGRATION

IN f';_Ct:S S.
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M) KFLOFX - INDICATOR = O, FIXEC POINT INTEGRATION

IN PROCESS. INDICATOR _ O, FLOATING POINT INTE-

GRATION IN PROCESS.

CUTPUT

A) KOOOTI - FORMER T i ADJUSIED FOR DECREASE IN TIME

STEP.

TABLE. TNFUNK TABLE FORMAT

CO .,TENTS

+26 +52 Fi/h 2 MSH

+27 +53 LSH

+28 +54 Fi+__I MSH

+2g +55 LSH

+30 +56 Fi+2 MSH

+31 +!)7 LSH

+32 +58 Fi+_3 MSH

+33 +59 LSH

+34 +60 Fi+4 _SIH

+35 4-61 LSH

LCCATION

TNFUNK +0

+I

+2

+3

+4

+5

+6

+7

+_

+g

+I0 +36 +62 Fi+5 _SH

+II +37 +63 LSH

+12 +33 +64 Fi+_6 ,'_iSH

+13 +39 +65 LSH

+14 +40 +66 "Fi+_I MSH

+15 +41 +67 LSH

+16 +42 +68 'Fi+_3/2 _I"ISH

+17 +43 +&9 LSH

+18 +44 +70 ' Fi+_i/2 _SH

+19 +45 +71 tS_,
VT

+20 +46 +72 F i _tSH

+21 +47 +73 LSH

+22 +48 +74 X i _SP

95L



VOL Ill REAL TI_E PROCESSORS PART II - ORBIT/REENTRY

+23 +Ag +75 LSH

+24 +50 +76 X i MSH

+25 +51 +77 LSH

_) KOOOOH_

C) KOOO.H_ ALL VALUES ASSOCIATED WITH TIME
I

D) KOO.2HJ STEP DIVIDED BY 2.

E) KINTVN - NUMBER OF STEPS PER OUTPUT INCREASED.

F) TNFUNK - IF ENTRANCE IS MAUE FROM N2EXCR A RE-

EVALUATED FUNCTION TABLE WITH HALF-LINE VALUE IS

CALCULATE_.

G) TE_NO + 15,_ MSH

,)b LSH

TEMN0 + 15

H) TEMNO + 138_ h MSH

TEMNO + 139J LSH

METHOD

THE FOLLOWING ECUATIONS ARE USED BY THE NTVARS

PROGRAM -

6

= _ T R F iFi * 1/2 k = 1 - k

6

= _ T RFiFi *3/2 k= i -k

6

= _ F iFt -+5/2 k= 1 T"R -k

SPECIALIZED DEVIATION

OF LAGP.ANGIAJ_ISIX POINT

INTE RPOLAT ION

(1)

(2)

(3)
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6

"F. = R. -
1 1 k--iAkFi+k

6

"Fi- 1/2 =(h) V i k-- 1 At. F°

1 1-k

"Fi +1/2 =(h) V i+

6

k=_AkFi+k

(FORWARD OR BACKWARD)

FROM l

(FORWARD) SUBSECTION I

27 j

(4)

(5)

(BACKWARD) (6)

USAGE

A)

B)

C)

D)

CALLING SEQUENCE -

TSX N7VARS,4

NCR_AL. RETURN

ER_(]R CC_ES - PROGRAM TRANSFERS TO ERROR RETURN

IF INTERVAL IS REDUCED TOO S_ALL [TNTISI LESS

THA_q KOCHSI) OR IF THE NUMBER OF STEPS PER

CUTPUT (KINTVN) EXCEEDS DECREMENT STOi{AGE

{20 tITS).

SPACE RECUIREO - 150 LEJCATI[;NS + tO TEMPORARY

LOCATICNS DESIGNATED BY TEMN7.

SPECIAL USAGE - TNE FOLLOWING ARE THREE POSSIBLE

CASES OF NONCONVERGENCE WHERE N7VARS WOULD BE

USE# -

1) N1SUFT _HILE SETTING UP FUNCTION TABLE (1)

TN7N12 = 0 AS INPUT TO N7VARS, (2) C(AC) = 0

GN _TUkN FROM NTVARS.

2) N2EXCR WHILE BEING USED TO SET UP FUNCTION

TABLE (NISUFT) (I) TN7N12 = 0 AS INPUT, (2)
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E)

C(AC) = 0 ON RETURN FROM N7VARS.

3) N2EXCR WHILE BEING USED TO UPDATE ALREADY

ESTABLISHED FUNCTION TABLE |1) TNTN12 _ 0 AS

INPUT, (2) C(AC} _ O.

IN CASES (1) AND (2), N/VARS WILL ONLY CHANGE

INTERVAL AND INITIALIZE CONSTANTS DEPENDING ON

THE TIME STEP.

CONSTANTS -

KOZERO DEC 0

KO02.0 DEC 2.0

KDP4.0 DEC 4.0

KOCOO3 DEC 3.0

KO00.5 DEC 0.5

KCH233 OCT 233000000000

KOO.AI...6

(DOUBLE PRECISION)

KO.A.IP...6P

TNVS.C DEC .24609375
I

TNVS.C ÷I DEC -.027343751
I

TNVS.C +2 DEC .01171875_
/

TNVS.C +3 DEC 1.23046875 I
I

TNVS.C +4 DEC .41C15625|
I

TNVS.C +5 DEC -.09765625_

TNVSC. +6 DEC -.8203125 TM

TNVS.C +7 DEC .8203125

TNVS.C +8 DEC .5859375

TNVS.C +9 DEC .4921_i75 <

TNVS.C +i0 DEC -.2734375

TNVS.C +II DEC .585_375

TNVS.C +12 DEC -.I/b78125

TNVS.C +13 DEC .08203125

TNVS.C +14 DEC -.09765625

TR, R = 0, 5

T_, R = Q, 5

T_, R = 0, 5

" R = 0, 5T R
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F)

TNVS.C ÷I5 DEC .02736375

TNVS.C +16 DEC -.01171875_
I

TNVS.C +17 DEC .01171875 J

TE_N7 BSS I0

NER22

TIME REQUIRED -

ENTRANCE FRCM NISUFT

KOOOOH _ I

KOOCOH < I

ENTRANCE FRCM N2EXCR

'T" R = 0,5-R

INTERMEDIATE

TABLE FOR

N7VARS

E_ROR RETURN, NONCON-

VERGENCE 122 _ XR(4}

59 CYCLES (7094)

75 CYCLES (7094)
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IIIIIIIIIIIIIII

:C0*..X: SAVE XKI, *

• m * XR2, XRA •

o- :.............:

:•*,*•,+*,,,*,:

i rtLuCt T[_[ •STFP oY I/2 •

(KCUCOP) = h •

N7FX • *

• * *NO . *NO

• IS TINL STEP • * IS INTEG
FORWARD

• LT l TNfHSI = * ............ X
• TEMNO÷I4b =0 •

U

t

;ES " ;ES

• N7HSR

i

i

• .,< ; ; •..
• • •S TLJR_ REDUCEC•

IS I,%T_HVAL • .............. X• TI_E STEP e.o.X Ab*

REUUCtL IF O • • I_TU KOOOUH • * •
• •..

N/DAlAI

i FIND PRESENT: ee*TIME...... i CS:
• KOOOTI = * * * .
• KOOOTI÷KOOOOH* **e

NT+.SI

i .....i .....!
_C

.°•mN•m••gm•l•_

." • , : ............. :
• IS IIFI ',tip L

tl L:'_IIY • .............. X: !,IE*' LT I_. _)

• T'_I++S[ ',LI = • • I_lt, TN/HSI

yp,.

:............. : :'_'_,b_'_,7"'i
:I',I_Sl/, I',IL! :P, Nlt I INTO •

: ............. • :°, T N_,FPT .... _"

N _.:.r

• • ,IN'I'E RVAI, PER

: ,r :,, s : OUTPUT, STORE

° . ,2(KIN'I'VN) INI'O KINTVN
,,•,,.0,,*.o•..

• ;T_IJ/.
• "OUTPUT "". '''*•**°•*'°*'*

•.Ex ..... ..............! , i
• ST'OR. •,°H°•.••*•••.

;

• " • *No

• IS [ rjrl:b • .Ill.

• F(]RWARD IEMNU •X 1) 51
+I46 :D * • •

• ..*

• COMP. ti OF * TNIFPT = : FIND PREStNT:

: F'V'L_I_.II T : TNIFPT-TN7IISI .KOOOII+KODOOHa•TIMEKOOOII "*

: T_ff; T.mZLt: _.............:
• °

o

_x ................................

N/DR(A)

• D_,..X_ SOLVI E(_6 :
• C6•..X• 4 . • .

• .•* _ SET TEMN7 TO 0 .. _•.•,.,e******_ *
•,,*•.•*,*,*l..

: .............: . " ,n,,
°'•• • •

t

• • •Df+•X IS INIICI LTtk+U_Ili, IS • ........

*.•••••*•,**,••

y+ i+

NPI'FI

:.............. :.............:

i _DLV_ • : R_STLIRF X:'S •I_2UATII'; ', •
FIt(W _ [ fLU+'- • I,/.4 •

i ,156(,_ h : TEMNO+138 (2--) 2h

I.'ROM '
• ....... *,tI •

NI_)I.'T ° 1 T,_ 1.6 •
• , ....... •,.,.•

° \_ 0°'',

,*,

')50

• IS I ,I G '_ • •

Tt_L,d+I6, : l; • • • AC:T,IICT 1,_

:.............: .......... !.......
• _t,I¢ •...x l,t,. +XlI :

• t, hal I _', * * • I,) '_I ,t,>+'
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43. N7PCAL - EN-BOARD COMPUTER EQUATIONS

PRCGRAM N7PCAL SIMULATES THE ON-BOARD COMPUTERIS

CENPUTATICN CF B_NK ANGLES WHICH DIRECT THE CAPSULE TO

IMPACT AT THE TARGET. IT IS A SUBROUTINE OF THE INTE-

GRATER. (SEE FLCWC_ART.)

INPUT

A)

B)

C)

KLATTT

KLCNGT

SUBROUTINES -

SQRTt ARSIN_ ARCOS_

SINt CCSt ATNAB_ LN

CCNSTANTS -

KOOI.O KFTSC2 KCFTSC

KO04.0 KO02.0 K060.O

KOI5.O KCIO.O KO03.O

K.OMEG KCOI.2 KOO5.O

TABLES -

TNFUNK

+22

+24

÷48

+50

÷74

÷76

TDVALS

TARGET LATITUDE

TARGET LONGITUDE

K. IRAD

KGUFTT

KO0019

KCH233

TCRCRE

+I

TEMNO

KOCDOI

X

Y

Z

TABLE OF GEMINI RANGE PREDICTION

CONSTANTS

CROSSRANGE ERROR IN N. M.

DOWNRANGE ERROR IN N. M.
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D)

÷163 _ 0 MEANS FIRST RK APPROXIMATION

TN4LLH

+2 SPACECRAFT HEIGHT

CONDITICNS CN ENTRY -

NO PREREGUISITES

OUTPUT

CCMPUTED BANK ANGLES ARE OUTPUTTED TO THE INTEGRATOR

DURING THE SECONC AND THIRD RK APPROXIMATION.

METHCD

THE PRCGRAP IS CONTROLLED BY MYREN2. THE BURNOUT

VECTCR IS INTEGRATED DOWN IN A 6-SECOND STEP SIZE UNTIL

AN ALTITUDE OF 410K FEET IS REACHED. THE STEP SIZE IS

THEN CHANGEC TO 1.2 SECONDS IN ORDER TO MORE CLOSELY SIM-

ULATE THE ACTUAL CYCLE OF THE ON BOARD COMPUTER. INTE-

GRATION CCNTINUES, WITH A 1.2-SECOND STEP SIZE, UNTIL AN

ALTITUCE CF IOK FEET IS REACHED. ACTUAL GUIDANCE IS INI-

TIATED AT APPRCXIMATELY 305K FEET AT WHICH POINT THE

AVERAGE SENSED ACCELERATION REACHES .4 FT/SEC 2 AND THE

SPACECRAFI THUS ENCCUNTERS SUFFICIENT DYNAMIC PRESSURE TO

ALLCW FCR TRAJECTORY CONTROL. BANK ANGLE COMMANDS ARE

THEN GENERATED TC ALTER THE TRAJECTORY SUCH THAT THE VE-

HICLE WILL IMPACT AT THE TARGET.

ECUATICNS -

TRANSFCRMATICN OF RECTANGULAR INERTIAL COORDINATES

{X,,Y,Z,X,Y,Z) TC RADIAL DISIANCE |R), RELATIVE LONGITUDE

X RELATIVE HEADING FROM NORTH _) RELATIVE VELOCITY(_

RELATIVE FLIGHT PATH ANGLE T LATITUDE @ EARTH RADIUS

(RE) _EIGHT |HT) -
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1) R = (X2+Y2+ Z2) 1/2

-1 Y

2) }" = tan _- -12 (t-tGHA)- GHA

ft.

deg.

-1 X(Y-_2X) - Y(X+_2Y)
3) /9 =tan RZ - ZV sin

• 1//2
4) V = ((A+_2Y)2+{_c-_2X)2+Z 2)

-i XX+ YY + ZZ
5) 7 = sin RV

-i Z
6) @ = sin

R

7) R E = RQ Rp/(Rp 2 cos 2 qS+ RQ 2 sin2 q_)I/2

deg.

ft/sec

deg.

deg.

ft.

8 ) HT = R-R E

WHERE -

= EARTH ROTATION RATE

tGH A = GRBENWICH HOUR ANGLE AT tGH A

GHA _ GREENWICH HOUR ANGLE AT tGH A

RQ = EARTH EQUATORIAL RADIUS

Rp = PCLAR EARTH RADIUS

CALCULATION OF DOWNRANGE ERROR (RN), CROSS RANGE

ERRER (RC), PREDICTED BALLISTIC RANGE OF THE CAPSULE (RB)

I) B = COS @T SIN(hT- k)

2 ) E = SIN _bT COS qS-COS _bT SIN _bCOS( XT - }')

3) RT = 60 SIN-I(B 2+ E 2) 1/2 N.M.
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-1 B
4 ) .BT = TAN

5) RC = RT SIN (_ -_T ) NoMo

6) RN = RT COS (_ -_T ) N.M.

2
=-.43429448 LN XSAIV7) D

HAVING CALCULATED D, FIND Di AND Di_ 1 IN THE TABLE

OF GEMINI RANGE PREOIaTION CONSTANTS SUCH THAT Di_l <D <D i

THEN

Q)
D - Di_ 1

(FI i - F1. 1)FI(D) = Fli_ 2+Di_Di_l l-

D - Di_ 1
9) F2(D) = F2i_ 1 + .... (F2 i - F2i_l)

D i - Di_ 1

10) F0(D) = F0 i + 2(D-Di) (F0 i - F0i_ 1 + 2 (D-Di) (D-Di_I)

(F0i+ 1 - 2F0 i + F0i_ I)

11) RB =F0 (D)+ F1 (D) Y + F2 (D) V N.M.

CALCULATICN CF BANK ANGLES AT .6 SECONDS (PHI6),

t SECOND (PHIl), AND 1.2 SECONDS |P_I12), AND THE ACTUAL

ROLL RATE AT 1.2 SECONDS |PDOTI2).

I) PHI6 = PMII2 + .6- PDDTI2 + .5" BDD TAU6

2) PHIl

+ BOO* TAU6* (.6-TAU6)
2

= PHIl2 + PDOTI2 + Sm BDDw TAUt

DEG.

+ BCD* TAUI* (1-TAUt) DEGo
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3}

4)

2
PHIl2 = PHIl2 + 1.2, PDOI12 ÷ .5- 6DD* TAUI2

÷ BDD* TAUI2* (1.2-TAUt2)

PDCTI2 = PDOT12 + TAU12* BED

WHERE BED = ROLL ACCELERATION

TAU6, IAUI, TAU12 = TIME JETS REMAIN ON

DEG.

DEGISEC

USAGE

A)

B}

C)

DI

A)

ENTRY CALLED BY T_E INTEGRATOR IN N3SDCL

EXIT EXITS TO THE INTEGRATOR

CALLING SEQUENCE -

TSX NTPCAL,4

+1 ERROR RETURN

+2 NORMAL RETURN

STCRAGE RECUIRED -

960 LOCATIONS USED FOR THE FOLLOWING -

t) 778 INSTRUCTIONS

2) 87 STORAGE CELLS

3) 95 INTERNAL CONSTANTS

ERROR CEDES -

123-ERROR RETURN FROM LIBRARY SUBROUTINE
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.........**....

: E_,E, :
• _TPCAL

,,,,.,,H,,,..,

• . : ............. :
°6O-..XJ SEE AEJACENT_

• " * NOTE 1 •

°" _°,.,,...,°.°°,

N7PCAL

• SA_E ItS

_H,.J,OHH,,,

° ,

• ,YES

• IS IFMt, C * • ........

• ic

2

_NTACL

• ,YES

• IS ALT. GT • .......

41CK F°

._?PLL

• ,t_c

• IS SKIPS * 0 ° • ....... x

.

_ES

• SAVE LAST 4 •

• XY/ ACCL.CO_P•

°XNN=XNN+I XNN*

• LIVlT = _ •

.

;ES

.N?LES

• SIZE TC 1.2 •

• SEES. SETUP °

|SAVE I_TEHVAL•

• SKIPS i 0 •

:X ................

i

• mYES

IS _PPl = 2 • .......

• _,c

.°°.,•°.*°*••..

SEE AIMACENT :

• NOTE; 2 ,*

-.............:

• SUBDN

• * *YES •**

IS XS_ LT 4 •X C_*

:2? ...... ,: cd

................ : NIPL3

EQ2 _ LEAVE

,HH*HHHH•

• .,_s : • :....

• IS NPHI - _ • ....... • NP_ICBANK _H_ _...X.g6_.CB •

:.............: ....

E_ X LEAVE

• YES • _,,o i

• " IS NPHI • ] • • ....... • NP_IC - I _...X CB •

: : :_2"
•,.HHH•H•.,

_E

E_I

: ............. : ...

NOTE 1

TRANSFORIvl 'FILE RECTANGULAR...

INERTIAL COORDINATES IX, Y, Z, X, Y, Z)

TO RADIAL DISTANCE (R) RELATIVE

LONGITUDE (A), RELATIVE HEADING

FROM NORTtt (fl), RELATIVE VELOCITY Iv),

RELATIVE FLIGIIT PATH ANGLE (a),

LATITUDE (_), EARTH RADIUS (RE) '

ttEIGIIT (lI_I')

R_(X 2 , y2 _ Z 2) 1/2

fl TAN-I(@) -D (t-tG IIA)-GHA

\ LZ-', ,'.

V (IX + flY)2. " (Y-,lZX)2. * Z2)1/2
XX + YY + ZZ

T SIN-I (_)

O sIN-I(_)

R E R_Rp/CRp2cos2* _ Bp 2 SIN 2 qt)l/Z

II'F It - II E

NOTE 2

SAX SAXI + SAX2 _ SAX3 + SAX4/XNN

SAY SAYI * SAY2 * SAY3 + SAY4/XNN

SAZ SAZI + SAZ2 , SAZ3 * SAZ4/XNN

XSA (SAX 2 * SAY 2 4 SAZ2)I/2

LEAVE

: ............. : ....

BANK = L? HIII_...X CB •
° : c PH2 = o • Igor°

, ....
..•............

EO{ _ LEAVE

NTPL$ • • •

_CS:x • IS C0MPT = C • * ........

_•**••*•°°•*•*:

• GIS IN IAALMII

*COMPT NOI = ot
..H,..°.*,•,,•

SEE ADJAEENI i

• NOTE 3

•••••••••HHO_

PRBAL

SEE ADJAEENT_

: _rrE: _ :

:_I NL) AVF RAT.b

ACCELERAI I(3N
_E CAPSUL(

NOTE 3

COMPUTE DOWNRANGE EHHOH (HN) i

CROSS RANGE ERROR (RC_; TOTAl,

MISS DISTANCE (RT); PREDICTED

BALLISTIC RANGE OF CAPSULE (Rll).

B :COS¢ T SIN(A T - _)

E = SIN* T COSq - COS@ T SIN

CONX T-_,)

RT 66 SIN-I (B 2 _ E2)1/2

B T = TAN-1 B/E

RC = RTSIN (B "fl T )

RN = HTCOS(B -/3 T)XS A

D : -.43429448 LN _-

NOTE 4

HAVING CALCULATED D i FIND

D i AND DI-I IN THE TABLE OF

GEMINI RANGE PREDICTION

CONSTANTS SUCH TIIAT

Di-I <D <D I. TIIEN FI(D} Fli_ I

D-D i-I

+ _(E'I i - Fll_l)

F2(D, 1)21_1 + _ (E2j ...... )

F0(D) F01 + 2(D-Di)(F0i-F6i_ 1 * 2

(O-DI)(D-Di_I)(E61' I -2E0 i

• F6I_ 1)

HB-F6(II)+FI(D) T _ F2(I))V

SUBDN . . 02

•NU

: N_HC • _ ....1 cB*. :c_:x ,s o-_._zs................ x. _.,E-g.,I " :*""
BANK • PH2 • i966* * • * + ° BEt • eq6_*

• Y_S • *
.......... x• A• •

RNGE

g62
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RNGE * • SPIN • • • - NIK

_.*• * • mD, C• * • •NO• • •YES• el•*

mAO • IS Re-RI_ = - • ............ X IS RE-I= ÷ • ............ X IS RE+I= ÷ •_ A0 •m

• • • • • e964•

• ** • . • •.••

,_Es ;ES " _o

ST_I_

NTH

: P.!cr: : :.............:
: PEIC= 90 : .........RC

• _o :
:.............. :.............:

• *NG

° IS PI_ICF - * • .......................

°

_ES

STSSP

LC2E=-I • LC2E=+I
IPHICF= -FFICF•

• ••.*••***•,*,* *.I.*••,••HIH

• •

:X ................................

R

• ,NC

• IS P_ICF-I = * • .......................

+ .

• _ES

• P_[C= -gC : ..........

• PHIC=PHICF 3 * *

: KRI+PHICF 2. .*

• KR2 ÷ PHICF* •

• KR3

.

............... x.

SW ERRT

• •N0 •H

IS LC2E=- • •_ C2_

• . • • *•.

• _ES

ONTG

: ............. :

PH|C=90

............... X"

ERRT NTC

• t • *YES

• C2mX IS PHIE-Ib= + • ............ X
• • *

• • •NO

IS PHIE+Ig=- • ........

"_Es

NTE • NTBK

* • " *YES ••**

• • IS PHIC • •_" BI °•
o

-PHIl-l]0 =+ • •96_•
• HI*

• N(]

:X .................

NTA _ P2

•m••H••.IH,°•
• ° • e••*

•CS•..XO PHIE= •...X B3 •
• • • PHIC-PHII • e964•
• • ° *•*•

*•°•*.,••*,,•••

• • • NTD

• • * " .N_ 1....
IS PHIC- iX A2 •

PHIl+f30 =+ • •964l

• HH

• * _ES .H••
.......... X" C5•

NIA

BMINS ERRT

: : "•
• PHIC = -PHIC •...x C2 _
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NIK • • _Z

,
• eYES -,,

:". • _PN_Iis....
:A0.. * *X (_*

• .* * • • * •••

. * " °

e " *kC

IS RFII=*

• °

• _ES

N/BE

... :.............:
.........:Bi'..x:P_IE-IB :

IH •

I°•,,,,••.otH,

ERRUR RETURq

FROM LIBRARY

SUBROUTINES

•••°o•He*mo*.•

_JTC

•.. :.............:
:^_'..x: RE,E-I_ :........................X.
• • *

P2

... :.............:
:B)*..x: p_x-pHI6P_2-PHIIZ

• • • CPHIR-PHI_ •

H. :H•H,•._•e••°

:e°°••••°l•e,°:

• AXI 123,_

°°•••**°•••••**

: EXIT :

• IRAN|ERRI+I •

H..H•°••OeH°

• *•*H*•°*•••••:
• * •YES : DPHIB

• " us icp_lRll_CT" •.............. X*:IS*_"_'t ::

• . _0

:X ................................

:
: RE-op_,.- :

POOTI2

: ............. :

• • ° "YES :•*••••oee,e.***

• " IS IPEl-_'-, • ............... x: SEE ADJ',CE','T:

NOTE 5
• • •

• •H•H.e.•.•H•

NTANG

: BOC=0 TAUb'01 •
IAU|10 • ................. X• SEE AOJACLNIm

• TAUI2=0 • NOTE B •

• ,**,,,**.**•H :•*H*e.,eH•*•

NOTE 5

BDD_* PE/IPEI
TAU12 /PE/-2

=_, LIMITED TO 1.2

TAUt = TAU12, LIMITED TO 1.0

TAU6 : TAUt, LIMITEDTU u. 6

NOTE 6

PHIB = PH 12 + .6 * PDOTI2 + 5 *BDD
• TAU6 _ +BDD*TAUB*(. 6-TAU6)

PHIl = PHI12 + PDOT12 +. 5*BDD*

TAUI 2 + BDD * TAUI*(I.TAUI)

PHI12 - PHIl2 + 1.2*PDOTI2 + .5*BDD
• TAUI2 2 * BDD*TAUI2*

(I. 2-TAUI2)
PDOT12 - PDOTI2 + TAUt2 * BDD

BANK ANGLES AT

.6, l, 1.2 SECONDS

AND ROLL RATE AT

I. 2 SECONDS

LEAVE

e** :°'***•°°°•'•*:

• ° • •

• C8 ..x° RESTORE IW'So

• ° •

"'" :*,•*,,°o,,**°:

*e•°•l,•••ee,e°

: EXl, :
IRA 2,4 •

oe_eee°••o•llel
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44= MPCIFC - MONITOR PREFIX TO DODIFC

MPOIFC CONTROLS THE INITIAL PASS THROUGH DIFFEREN-

TIAL CORRECTION (DC) WHEN NEW RADAR OBSERVATIONS ARE TO

BE PROCESSED BY DIFFERENTIAL CORRECTION. (SEE FLOWCHART)

INPUT

A)

B)

C}

D}

A CUEUE WORD WHOSE ADDRESS CONTAINS THE INPUT

LOCATICN CF THE NEW EDITED RADAR MESSAGE BLOCK.

TMSTMS A TABLE OF MNLTMS ENTRIES CON-

TAINING IN THE ADDRESS OF EACH

ENTRY THE LOCATION OF THE TMDATA

BLOCK ASSIGNED TO EACH RADAR STA-

TION USED IN DC. ENTRIES ARE OR-

DERED BY THEIR RESPECTIVE TIMES

OF CLOSEST APPROACH, FROM NEWEST

TO OLDESTt AS THE TABLE PROCEEDS

FROM TOP TO BOTTOM. THE OLDEST

ENTRY IN DC IS NEGATIVE. REMAIN-

ING ENTRIES ARE NEGATIVE ZEROS.

MNLTMS PARAMETER EQUATED WITH THE

GREATEST POSSIBLE NUMBER OF EN-

TRIES IN TMSTMS.

MCNNRF WHEN NONZERO, INDICATES RETRO-

ROCKETS HAVE FIRED AND THE SYSTEM

IS IN THE REENTRY PHASE.

CUTPLT

A) MCLENT CONTAINS THE LOCATION OF THE NEW

ENTRY IN TMSTMS, RELATIVE TO THE

FIRST LOCATION IN TMSTMS. MCLENT
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B) MCCCRJ

C) AC

D) TMSTMS

E) TMCATA

F) TMVTCA

RANGES FROM ZERO TO MNLTMS-I.

SET TO NONZERO WHEN NEW OBSERVA-

TIONS ARE TO BE OMITTED FROM THE

DC INTERVAL. WHEN NONZERO,

MCDCRJ INDICATES TO THE DC SUFFIX

THAT DC WAS REJECTED IN THE PRE-

FIX.

CONTAINS MCLENT AND IS POSITIVE

ON TRANSFER TC DODIFC. THE AC IS

NONZERO AND POSITIVE ON TRANSFER

TO MDFIFC.

UPDATED

UPDATED

DURING ORBII, THIS TABLE MAY BE

GENERATED FROM THE DEFINING VEC-

TOR.

METHOD

MPDIFC HAS THE LOWEST PRIORITY OF THE THREE PREFIXES

TC CODIFC. WHEN MPDIFC IS ENTERED, MPDIFM (MANUAL INTER-

VENTIGN PREFIX) MUST BE SUPPRESSED UNTIL THE FIRST PASS

IHROUGH DC IS COMPLETED. MPDIFK (THE HIGHEST PRIORITY)

NEED NOT BE SUPPRESSED BECAUSE IT IS USED ONLY AFTER A

FIRST PASS THROUGH DC HAS BEEN COMPLETED.

MPCIFC USES MCLCUC TO MOVE EDIIEC DATA FROM IHE IN-

PUT BUFFER TC THE 32K BUFFER MODULE. IN THE 32K BUFFER

MODULE TPE FCLLCWIKG TESTS ARE PERFORMED TO DETERMINE

WHE_ OBSERVATIONS CAN BE INCORPORATED INTO DC -

A) IS TIME OF CLOSEST APPROACH LATER THAN PRESENT

TIME MINUS 225 MINUTES

B) ARE OBSERVATIONS OLDER THAN THOSE PRESENTLY IN

CORE IF CCRE IS FULL
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C) ARE OBSERVATIONS FROM A RADAR WHICH IS ALTERNATE

TO THE FIRST REPORTING RADAR (MULTI-RADAR SITE)

D)I ARE OBSERVATIONS THE SECOND SET RECEIVED FROM

SAME REPORTING RADAR DURING SAME ORBIT

IF ANY ONE CF THE ABOVE CITED CONDITIONS OCCURS, NEW

CBSERVATIENS WILL NOT BE INCORPORATED AND AN ON-LINE MES-

SAGE LISTING THE CONDITION(S) WILL BE PRINTED. IF ALL

CONDITIENS ARE SATISFIED, A CORRESPONDING ENTRY IS MADE

IN TMSTMS (ERDERED CHRONOLOGICALLY BY t ). MSINSR IN-
oa

SERTS NEW ENTRIES IN TMSTMS AND MSIINT ADJUSTS THE TABLE

TO EXCLUCE ENTRIES FOR OBSERVATIONS TIME-TAGGED OLDER

THAN 225 (=MCMXDC) MINUTES FROM THE CURRENT GMT.

IF THE CORRESTION IS BEING MACE CURING THE ORBIT

PHASE_ A TABLE OF VECTORS (TMVTCA), DEFINING ORBITAL CON-

D]LTIENS AT EACH STATION IN THE CURRENT DC AT THEIR TIMES

OF CLOSEST APPROACH (t ) IS GENERATED FROM THE DEFINING
c_

V6CTOR (TCCDEF) BY MSVTCA. TO CONSERVE STORAGE, THE VEC-

TORS DESCRIBING THE LOCAL ORBITAL ARCS ABOVE EACH STATION

WILL BE GENERATED FROM TMVTCA AS THEY ARE NEEDED BY A

SHORT ARC RUNGE-KUTTA INTEGRATION WITHIN THE DC CALCULA-

TIONS. ALL VECTORS REQUIRED FOR DC DURING REENTRY ARE

STORED IN THE REENTRY DISPLAY TABLE (TNINT2) BEFORE ENTRY

TO MPDIFC. THIS IS A COMPLETE TABLE OF VECTORS OBTAINED

BY INTEGRA_TIGN AT EQUALLY SPACED (SHORT) INTERVALS OF

TIME THRCUGHCUT THE REENTRY PHASE.

SUBSEQUENT TO A QUEUE FOR ANY PREFIX ERROR MESSAGE,

CONTROL IS TRANSFERRED TO THE SUFFIX OF DC. IF THE CON-

DITIONS HAVE INDICATED THAT THE NEW RADAR OBSERVATIONS

CAN BE USED IN A DIFFERENTIAL CORRECTION TO IMPROVE THE

PR,ECICTEC TRAJECTORY, CONTROL IS GIVEN TO DODIFC.
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USAGE

MPDIFC IS ENTERED FROM MOPRIO AND EXITS TO EITHER

DODIFC CR MFDIFC.

A) STCRAGE REGUIRED -

[07 LOCATIONS

B) M_CROS -

CENBA

CUEUE

UNGUE

TRNCN

C) SUBROUTINES -

MSLCUC

MSINSR

MSTINT

MSVTCA

D) PARAMETERS -

MNDIFC

MNMESS

MNREST

MNCIFM

MNLTMS

E) COMMUNICATION CELLS -

MCCCRJ MCBKNO

MCLENT MCMXDC

MCCCIP MCMNOB

MCINST MCARCL

MCSTNG MCWGFC

PC_NRF

F) TABLES -

TMSTMS

TMSTCH

TMEATA (VIA TMSTMS)
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G} CONSTANTS -

KCO080

KLNO.7

H) TINE RECUIRED {INCLUDING SUBROUTINES) -

APPROXIMATELY O.lOI TO 2.48 MILLISECONDS.
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**.,t***°*°°°t.

E_TER :

._ ........

*** :.............:
INT :

MPDIFC

.....;_._ .... .
• WkCIFC C, •

,_REST_:", W_CCAT

",...._t_ ...."

• " * ,YES

• "•- • NEW ENTRY IN •

• Bl°X (_.C. INTER• * .......................

XR4= 1

_o

:,**,,°.,..°,°:

IC.C• I_ •

: p_ccEss :
INOICATCR)

*........,....,

• XR_=XR_-I :

INTC WCTMRO

• E_ALE •

,..*.*,,°,,.,,,

:°*,,,o*,,**,*:

: C(TMSTMS+ •
MNLIWS, XR4)I

• TO AC •

:.............:

:•*,,*...•,,,°:

• NCARL I_TC •

lWC_XBC Mcwcrc.

• I_TC KL_OT •

lllllllllllllll

°

• °

• ,YES :"'*"*'''"':

• IS CIAC)-O • • .............. X: CIMCINST) ! ..........................

• ° • ]NTU TMSTM%

• *•H,,,,H*,,**

:,•••**t•t*t*•:

i A WC I_TC aC"
(C WC WIT_ *

ACCR. OF NEW'

• L• CBS) '

.,,,.,*,°,..,,,

° HSLCbC ".

• •YES •,-
• . • .

IS CIaC}=_ *x ML*

• ,°*

• NO

PROVIDES

MCINST-NEW • •
ENTRY FOR _AC=AC ÷MCINSI•

T_STSMS.
_CSTNC-STA. : :
NUMBER OF ''•'''•''''''•"

NEW OBS

°•••**•*•••*,°:

MC_NU INTr] °

A(OIFER} 77 •

TO L)I_IEFER)*

••*•°••••*•*.*°

• ° OlSAfiLE •• :'•••

QUEUE MNME_S_ *X _l •
OIFER ENABLE • ._T2*

• DATA CLCER'Y_ S :*''*

THAE UPPER •x C9 •
• CORE [aC-O) • .g721

ic

• * * PRINT - NEW

• .YES •**• ENTRY TODIFE'.

• " ,sC;AoCI,,,.".i._,,.AO'- co...

NO

: ,CSTNCi_,c :
XR4

:•*****•.**'*•_ REMOVE TMSTMS

i .C,.T,,i ENTR'.EL..0TMSTMS÷ TMDATA REPLACED

MNLTMS. XR_ BY NEW RADAR OBS.

• *YES :,-*1• TMBPCC÷ •
MNSTNC, XR4 IX B_ .

NCT,O • .q72*

., .,:c....... x..o:

• " .NU :_';_ :'": ....
• MNLTMS-i. :..._ AO••

IS XR4 GT * .............. X:XR.4) _TO • °q 71.MNLTMS-I

• •C(TMSTMS_ • •***

MNLTM$-1.,'(_4)

• _ES • • DENOTE PT, -1

.......... x• AO • AS NEW LAST

1971* INTERVL PT.

• **• SET IT NEG.



... :.............:

",_o'..x:-z I_TC XR2 :
• * °

em• •

••HI•.°HIHil

*HHlam•ml*O,W

mTca FOR NEW REPT.

;C [ C(MINSTI8_35) XR25_17]

• INTO TESlis_35

VOl IT[ REAL TIME PROCESSORS PART l[ - ORF[T/REENIRY

*m ,,••H,.•.•**••

• • : IARGESI S14 :

"C0•..X* NO. TUIST •

• ° • LI_[T X'_4 TO*

e• • DID[F£X) •

•,.**••••.•,°ee

DIFLT

1.............1
• INCR. e• TO •

: DBT lARGESTSTA NO. AT -

• SITE e
li,.I,••,,•**,e

UIFCX+I • •

°
l eYES •••

el•• e •TEST LIMITS •

• O0•X ,•LI / = "; C8:

e • . XRI•• t • •
e• ,.•

e

NO

PREV. REPORT

FROM SAME

SITE FOUND

• H•.•*•*•*H•* :**•*n•••••*•••

:C [C(MINST18_35) XR25_17] **•e • C INT0

:INTO TESIs_I7 ••B2*''X°• •INT0D{CIRCX+I)D{DIRCX)° 3* ..........

• * e eYES •e•

• I RaCAR CF * * •
• CaPE REPT *X B2•

_'CST".[ GI 3 • •

• LEAST STA NO.° XR4INTO

• TO 2NO TEST • D(DIFCX+I)
• LIMIT •

............... X°

,,,•e,ee•••,°°°

: MNIT"S,N,O :
: XR4 :
HHH•e••O•m•*

:C[ C(TMSTMS +

eMNLTMS, XYt4),

:XR221_35[ INTO DST

m•e•a•••o•t•*•o

• " *N_. e..•.
[MCIMB0-OST) *_ A0 *

- MCMXOC = + • •972•
* e•••

_ES

: C [ C(MCSTNO + : • e* • : SINGLE RADAR :

:TMSTCH21_35) : •B_e..X• REPT. SET •

• XI%2 ] INTOAC • °• * : TEST LIMITS •
• *••_..°*••H•• ••.HH.e**H*,

:•.•••••••**e•*

o•*° • {TMSIMS÷ :

*C4°..X• MNLFMS. XR&)-
• • • INTO AC •
°*

PREV. REPORT

TOO OlD FOR

USE

,ACp 1 2 INTO , e RETRANS. •
• ' ' eCHECK ONlY -I •

:PRETS s,l,2 : • TO XR&, AC=-,

*•,-,*••••°•.H *H.H••••..•.*

• • •YES ••I ••'••••°*•''••-*
• • I RA[AR AT • • • .*•e : XR4 INT0 *

SIT_ _RETS = ix B4• eBBe.*XeD[DIFLT) INT0o
• IH•• eH• • •l

• ••H•••m•••H.*

;,c

•v_s :.*..e

• AC=O IX AO •

° •972e
• •He

*

NO

:•******•*•••*:

• A AIAC) INTO•

: XRI
IiII*ii*iiiiIi:

• •

+[ (TESIs-17)-* •YES ••**

• * C(DST21_35)] <LT • e_ A6••

•972•
K00080 . " ,,e•

:.._0 ....... : c_.
t

•ee

• DUAL RADAR REPT.

• SET TEST LIMITS * MCSTN0 INT0 :

: FOR ALT. XR6

H•••,.•.•,.,•, :,,,•,,.,•,,,••

• •,••,,•,•_•oo: •••

RADAR REPT. AND :.oo: B6m
RETP.ANS. CHECKS

-2 INTO XR4 _ •.,

DIFCX • DIFCX+I

eNO ee•

" LIMIT *, • -_ 00:
• TESTGT xgI • • •

" • _ES

• •NO .el •• •NO :•,••• • • • • * •
IS AC=+ *X CO* ,C8,X IS XR_ UT 1 •X _0 •

• • • • * • • *97Z•

• • e * .•• •e • • *•*•

• ;Es " _s

:.............: ,.. _.............: ...

• ,R_ : XR_.I:...;C0: • XR,oXR,-_ :...;c,:
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•••**.•--••--•*.

:••* *• PET hFW RACAR •

• ^_ • XEPCBT IN •
• * • T_ST_S •
..* • I_SINSRI •

••*••••**.•.•..

.--. i............. !
• DC•.,X• AC NOT:U •

o•••.••,--.***.

t i itt iIIIIlllllllllll !

• REPCRT TEE _ MSTINT SEL *

• CLC FEW C._. • ........ :BL •*• _EFOWTS IN
• AC _CT :••• • _.E. T •

•....!_: ....•

;Es

o••,•,,•,•,,•,•

! EX,T :
MFO]FC

•••.*,.••••..,,

• * • • C[C(MC[NST21_35)+ 1 ]•YE5 •*••*•*****m*••• NO * *
• ALL CLDER • * DISABLE PUT

• TFAN D•C* * ............ x • -MCMNOB2I 1- * * ............ x O•C• IN'_O ON
INI• AC=0 KES[ART TAP[ °

••**•••..°..H•

• ;Es " :,,"

.x ................................

•,,,,••=*..•.•°

• CISAPLE, PET •, •'••*

C.C. INFC CN *x 69•
• RESTART T_PE * • *

• • *•*

CUELE MNWWKS
KCOOCO ENABLE

• •.•**• •* •• _o, }N_:': ."..............

• REPORT FUR • • QUEUE MNWRR%, *
• NEW u C 2_4 • KO0000 ENABLE

• TC X_4 *

:A_'..X: _s I_Tc x_4:

:,." :

... : ............. : : ............. : . " " *NO
:B(.•**X: XR4 INTO • *C4•••X° XR4 INTO * * OKI'SIT PHASE • ........

• • • AIOJFER) * • • • D(DIFE_() • MCNNRF=O •

• -- : ............. : .- : ...............
_ES

:.*.*,*•*••..,:

: XRL Z_TCAC :
:

ALT WEPCRT IN •X C4,
C•C• AC=O * • *

_ES

:..t*•*.•.,.*•:

REPCWTEC
TWICE T_IS

• CRHIT *

:•*•,•,•****,•:

i lel INTO DiD: ..........FEB] •

:.•••t*•*°*t**:

: MCBKNO [NT[I -

• A(DIFFRI •

............... x_

OISABLE.POT• O.C* INFO ON *
RESTAR[ TAPE

t•...*.*.°**.i*..

WRITE REJECT *
• * REAS. ONLINE •

• _UEUE BNWBBS. •

**°•,,,,**••
• GENERATE •**

• ORBIT ANCHDR. *
• VECTOR TUBE *

• SUBROUTINE •

• MSVTCA •

• °

*NU •*°

• * AC-O " ._ C_: "

• • , .

• • _ES

:X ................

MCLENI INTO •
AC If) TOP OF*

: TMSTMS TABLE.
OF NEW ENTRY•

:*•*,••=•*.*.t: •..

: FIRST WEPCRTi *IN C.C., X_*t...X C4:

....o........: °'°

.* WOOOOO OUEUE •

• PNMESS OIFFE
ENABLE *

: EXIT :

• DODIFC

.•o :'***'*°'°*•*': ..°

* • *O.C* BEJECTED• * °
• C9 ..X* PREFIX IND* ****W DO•
• • • _COCBJ NOT-Oo °
°°* ° ° °oo
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45. NPDIFK - MCKITC_ PREFIX TO DJ_IFC

MPDIFK RECEIVES CONTROL AFTER DUOIFC HAS REQUESTED

A SUCCESSIVE DIFFERENTIAL CORRECTION USING THE SAME RADAR

DATA. _PDIFK IS GIVEN CONTROL FOR AS MANY TIMES AS ANO-

T_!ER DIFFERLNTIAL CCRKECTICY IS REQUESTED FOR A GIVEN

RADAR STATICN'S CmT_. (SEE FLOWCHAi_T.)

I_PUT

A)

B}

AN INPUI QUEUE WGRD WHOSE CO_TENTS ARE ZERO IF

THE PRCCESSING IS FOR ORBIT PHASE AND NONZERO

FOR ANY OTHER.

MCLENT CCNTAINS THE LOCATION, RELATIVE TO

T_TNS, OF THE LATEST ENTRY IN THE TMSTMS

TA8LE.

CUTPUT

A)

B}

IF THE PRCCESSING IS F[i_ ORBIT PHASE_ TMVTCA IS

UPCATED USING THE SUBROUTINE MSVTCA.

BEFCRE TRANSFER OF CONTROL TC DODIFC_ THE CONT-

TENTS OF MCLENT ARE STORED I_ THE ACCUMULATOR

AND THE SIGN IS SET TO NEGATIVE.
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_hTHCD

_PDIFK PROVIDES DOOIFC WITH THE RELATIVE LOCATION

CF THE LATEST ENTRY IN THE TMSTMS TABLE BY PLACING THE

CONTENTS eF MCLEKT IN THE ACCUMULATOR. THE ACCUMULATOR

SIGN IS SET TO NEGATIVE TO INDICATE THAT THIS IS A SUC-

CESSIVE ENTRY ANC THAT NO NEW OBSERVATIONS ARE T_ BE USED

IN TFE gIFFERENTIAL CORRECTION.

USAGE

MPDIFK IS ENTERED FROM MOPRIO AND EXITS TO DODIFC.

A) STORAGE REQUIRED -

18 LOCATICNS

B) MACROS -

QENBA

CENUZ

TRNCN

UNCUE

C) PARAMETER -

MNCIFK

D) COMMUNICATION CELLS -

MCBCIP

PCLENT

E) TImL RECUIRED -

APPROXIMATELY 0,061 MILLISECOND.

07z+
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ot*,t°.ttott..•

ENTER °
• M_PRIO

MPDIFK

:'-';_•_'•-:
• MN[IFK •

I['IS_BLE UNQUEm
• M_DIFK, FKI,°

• ENABLE °

P
_.**°l°...°°,,_

• MEDCIP NCT=O,

• •NO

• (JRB [ T PHASE • ........
• FKI=O °

°

_'ES

°t*•.••m°•l_•o•••

• MSVTCA ORBIT
• ANCHGR POINT o°

* TAHLE •

• GENERATOR •

Z× .................

o

×
•oQtm,°.Qo,.•°e

-MCL_NT INTO_AC

i E,|, i
CODIFE
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V

46. MPDIFM - MONITOR PREFIX TO DODIFC

MPDIFM IS ENTERED MYKEYS AS A RESULT OF A MANUAL

REQUEST VIA THE PROGRAM CONTROL CONSOLE (PCC) OR FROM

MYDCIT DURING THE ORBIT-TO-REENTRY INTERPHASE. (SEE

FLOW CHART.)

INPUT

A) AN INPUT QUEUE ENTRY WORD IN THE FOLLOWING FOR-

MAT -

18_6 11112 1'/]18 1912.0121-23,24

EACH OF THE TWO 6-BIT SUBFIELDS (24-29t 30-35)

IN THE ADDRESS FIELD CAN CONTAIN THE BLOCK

NUMBER OF AN EDITED LOW-SPEED DATA BLOCK WHOSE

CONTENTS ARE TO BE INCLUDED IN THE NEXT DIFFER-

ENTIAL CORRECTION. EACH OF THE TWO SUBFIELDS

|6-11, 12-17) IN THE DECREMENT FIELD CAN CONTAIN

THE BLOCK NUMBER OF AN EDITED LOW-SPEED DATA

BLOCK WHOSE CONTENTS ARE TO BE EXCLUDED FROM

THE NEXT DIFFERENTIAL CORRECTION. A NEGATIVE

SIGN INDICATES THAT A DIFFERENTIAL CORRECTION

IS DESIRED IMMEDIATELY. THE ABSENCE OF A BIT

IN POSITICN 20 INDICATES THAT THE DIFFERENTIAL

CORRECTION IS TO BE FORCED. THUS _CFORC IS

SET TO NONZERO.

MCINST ADDRESS FIELD C_NTAINS THE TMDATA AD-

DRESS CORRESPONDING TO THE LOW-SPEED

EDITED DATA BLOCK WHOSE OBSERVATIONS

B)
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CI MCMINS

D) MCNRRF

E) MCTABT

F) TMSTMS

OUTPUT

A] MCBKNO

B) MCDCIP

C) MCFORC

D) MCLENT

ARE TO BE INCLUDED OR EXCLUDED FROM

DIFFERENTIAL CORRECTION.

CONTAINS CURRENT GMT IN FIXED-POINT

MINUTES.

WHEN NONZERO, INDICATES RETROROCKETS

HAVE FIRED AND THE SYSTEM IS IN REENTRY

PHASE.

WHEN NONZERO, INDICATES THE SYSTEM IS I_

THE HIGH-ABORT PHASE.

A TABLE OF MNLTMS ENTRIES, CONTAINING IN

IN THE ADDRESS FIELD OF EACH ENTRY THE

LOCATION OF THE TMDATA BLOCK ASSIGNED

TO EACH REPORTING STATION WHICH IS TO BE

USED IN THE DIFFERENTIAL CORRECTION. THE

ENTRIES ARE ORDERED ACCORDING TO THE

TIME OF MINIMUM RANGE (TMR) WITH THE

ENTRY FOR THE MORE RECENT TIME FIRST.

THE LAST ENTRY IN IHE TABLE IS SET NEGA-

TIVE - ALL PRECEDING ENTRIES ARE POSI-

TIVE, WHILE ALL REMAINING LOCATIONS ARE

NEGATIVE ZERO.

ADDRESS FIELD CONTAINS BLOCK NUMBER CUR-

RENTLY BEING PROCESSED.

SET TO NONZERO TO INDICATE DIFFERENTIAL

CORRECTION IS IN PROCESS.

SET TO NONZERO TO INDICATE THAT A O[F-

FERENTIAL CORRECTION HAS BEEN REQUESTED

VIA MANUAL INSERTION.

CONTAINS THE POSITION, RELATIVE TO THE

TOP OF THE LATEST ENTRY IN THE TMSTMS
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TABLE.

El MCSTNO THE ADDRESS FIELD CONTAINS THE STATION

NUMBER OF THE MOST RECENT ENTRY IN THE

TMSTMS TABLE OR, IN THE CASE OF MANUAL

INSERTION, THE STATION NUMBER ASSOCIATED

WITH THE MOST RECENT TMR IN THE TMSTMS

TABLE.

F) MCTMBO ADDRESS FIELD CONTAINS CURRENT GMT IN

FIXED-POINT MINUTES.

THE ACCUMULATOR CONTAINS MCLENT WHEN MPDIFM EXITS TO

DODIFC.

METHOD

WHEN PROCESSING THE INPUT QUEUE WORD, THE TWO 6-BIT

SUBFIELDS OF THE DECREMENT ARE PROCESSED BEFORE THOSE OF

THE ADDRESS FIELD. IF A SUBFIELD CONTAINS A ZERO, THE

NEXT SUBFIELD IS EXAMINED. WHEN A SUBFIELD CONTAINS A

NUMBER, A CHECK IS MADE TO ENSURE THAT THE NUMBER IS A

LEGAL BLOCK NUMBER AND IF NOTw AN ERROR MESSAGE IS

QUEUED BEFORE THE NEXT SUBFIELD IS EXAMINED.

WHEN A VALID BLOCK NUMBER IS FOUND, THE SUBROUTINE

MSWTMS IS ENTERED TO GENERATE THE TMSTMS WORD FOR THE

BLOCK NUMBER BEING PROCESSED. IF THE BLOCK NUMBER ORIGI-

NATED IN A DECREMENT SUBFIELD_ THE SUBROUTINE MSDELT IS

ENTERED TO DELETE THE ENTRY IN THE TMSTMS TABLE CORRE-

SPONDING TO THE TMSTMS WORD GENERATED BY MSWTMS. IF THE

BLOCK NUMBER ORIGINATED IN AN ADDRESS SUBFIELD, THE SUB-

ROUTINE MSINSR IS USED TO INSERT THE WORD_ GENERATED BY

MSWTMSt INTO THE TMSTMS TABLE.

AFTER ALL SUBFIELDS HAVE BEEN EXAMINED, THE SUBROU-

TINE IS ENTERED TO TIME-CHECK THE TMSTMS TABLE ENTRIES.

IF THE RETURN FROM MSTINT INDICATES THERE ARE NO USABLE
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ENTRIES IN THE TMSTMS TABLE, THE PROGRAM EXITS TO MOPRIO.

WHEN THE RETURN FROM MSTINT INDICATES THERE ARE USABLE

ENTRIES IN THE TMSTMS TABLE, THE INPUT QUEUE WORD IS

EXAMINED FOR A NEGATIVE SIGN INDICATING A REQUEST FOR A

DIFFERENTIAL CORRECTION. IF SUCH A REQUEST IS MADE IN

THE ORBIT PHASE, THE SUBROUTINE MSVTCA MUST BE ENTERED TO

PROVIDE THE VECTORS REQUIRED BY THE DIFFERENTIAL CORREC-

TION PROGRAM, OTHERWISE, MSVTCA IS BYPASSED.

IF THERE HAS NOT BEEN AN INSERTION IN THE TMSTMS

TABLE FOR THIS PROGRAM ENTRY, THE CONTENTS OF MCLENT ARE

SET TO ZERO BEFORE UPDATING THE STATION IDENTIFICATION

CODE IN MCSTNO. IN EITHER CASE, MCLENT IS PLACED IN THE

ACCUMULATOR BEFORE CONTROL IS GIVEN TO DODIFC. DODIFC IS

NOTIFIED OF A FORCED CORRECTION BY SETTING MCFORC NOT

EQUAL TO ZERO, UNLESS BIT 20 OF THE ENTRY QUEUE WORD IS

SET TO ONE.

IF THE INPUT QUEUE WORD IS POSITIVE, INDICATING NO

REQUEST FOR A DIFFERENTIAL CORRECTION, CONTROL GOES TO

MOPRIO.

USAGE

MPDIFM IS ENTERED FROM MOPRIO AND EXITS TO EITHER

DODIFC OR MOPRIO.

A) STORAGE REQUIRED -

IOg LOCATIONS EXCLUSIVE OF SUBROUTINES.

B) MACROS -

QENBA

QENBZ

QUEUE

TRNOP

TRNON

UNQUE

9-/9
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C) PARAMETERS -

A

C

D

MNDIFM

MNMESS

MNUCMB

MNOCAT

MNREST

D) SUBROUTINES -

MSDELT

MSINSR

MSTINT

MSVTCA

MSWTMS

El COMMUNICATION CELLS -

MCARLC MCMXDC

MCBKNO MCNRRF

MCDCIP MCSTNO

MCFORC MCTABT

MCLENT MCTM80

MCINST MCWGFC

MCMINS

F) CONSTANTS -

KCH233

KLNO. 7

G) TIME REQUIRED -

0.16 TO 0.36 MILLISECOND APPROXIMATELYt EXCLU-

SIVE OF MACROS AND SUBROUTINES.
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• * IFMBA

•-*. . * *Y_S :***,
• BOmX IS XBC GT *x BO *

• * * MNUCMB * oBB2.
• * • tel*

_o

BLOCK NO.

REQUESTED Gl

MAXIMUM

MPDIFM

:.............:
• TRNEN At •

• MNCIFM MCDCIP*

• NCT=O •

l.............:

• WORD TO BE •

Phi IN OR

UEL_TED FROM *

• IMSTMS •

*Hm,,•••,•,.••

•**•*,••,,••,•i

• DISABLE bN_UE*

• MNDIFM •
• IFM[2.MCRINS•

• INTO _DTPBO •

• ENABLE •
*,,,,•*,**•,,*•

• ***w*•**,******
• *YES *

• * ** MSDELT i)ELLTE

IS IFMI4=O * ............ X ENTRY FROM •
• TMSTMS TABLE

_o

i 0 INTO [FRIll

0 ]NTC IFMI4*

MCARCL INTC •
MCMXCC *

IFMZA • IFMBB

• • " *Y_s :.•.,
IS TMOATA FOR ix DO •
THIS BLOCK:O • *982•

_o

MCWGFC IhTC *KLNO.T [FMI2*
INTC MC O •

• INTC AC •
•***•••*..••*H

*•*•*,*•**•****

*MSINSRINSERTWD**
• •GEN. BY MSW'I'MS

• INTO TMSTMS TBL. •

[FMI
*.*.**•.,,,,,,•

"* *XRA : 2 •

• AB*..x• MQ(6_35 ) INTO•

i _%_ .... i

• * •N9

SDBCFSSFUL *
INSERTION • ..................... X.

aD=0

_ES

IFMB

*..°*•..*..*.*•

***. _MQ(s 5) INTO

:A6:''x:AC(_o_3_

*" IMQ(6 33) INTO

MQ(5-2_

i

:_Q INIE lEVI):

lIMB

:.............: .., :.............:
• IFMLI NOT=O : ........... :DB•..X: IFM3 INTO M_•

• " " 0 INTO aC *

:.............: ,-- :..............

[FM4 • • • • •**•***,.••••._FM2

• *NO _ •H

*C?•X IS FINISHED • .............. X_ XRA=XRA-I -...X A6*

• •.m • • XRA=L _ * ill
• * •**•••**•*••**•

;ES

IFM4

• _ BLCCK TC a_ Nn "'*
PRECESSED _D * •_ CT_

• • NOT=O i••1

_ES

• * IFMI
m i

I_SERTIONS * • IFMI& NOT=O • l

ALSO IFMI& i .............. X•(RET TO PROC.*o.oX ABl

• NOT=(} • POSS, INSER-• - •
• • TIONSI * •.-

YES

AIAC) IhTC * * •
XRC. A(AC) *...X BO"

I_TC
• AIRCBKNO) _ ,**

BOTH

[NS_RTICNS

AND DELETIONS

6C_PLETED

* • • IFM7

• *NO *.*•
• • MSTINT TIMF ** • ARE POINTS * * •

CHECK POINTS * ............ X WITHIN D.C. IX al *

• WITHIN D.C. INTERVAL AD=O • I_B2e
[NTER_AL ! • • *•••

• ;ES :**'*
.......... x* AO *
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IFMBA IFM8

m • o•o,oI*•,oom*,,

• •I ,*,••,t•*,oo,,• •*. • • ,m•

_AO+o.X_IFNI2 INIC AC_ "BO ..X_ XRC=2_6 "..or Dlo ERROR M_SSASE

, , • • • ° _0. I_ XKC

•-- :.............: .-. :.............: -..

IF)%_

.,. :.............•

: O+J °.. ,'( : XHC:?GL

;.- :
.o...,.•o,..o,_

• , IFMI

• ' ,w_ .,, : ........... °'_
• • • •

• Is AC'+ o ........ "Bt ..XI+ INTO MCDCIP:

. ." :.." : :

• , • o ,,•ao,,,o,,oo,,

_L

:.............: :.............:

i AC I_TC l_U •IRKL_ C, • •UISA_LE _UEUE•
MNCCAT TrNCN, oMNWRHS FNABL["

• ° ° • •IHHOt°•o°•,•

. • ._ts : :
IS BIT 20 • ........ • T_NG_ A *

INU=| MNDIFM

," :.............:

_C

o_CFCRC _CI=O,•

°_ISAfiLE _UEUE•

• MNWRRS FKAOLE,

,,*.,*,,*,,,,,,

°

: _XUT :
•JH..O..O.HH

WRITE TVCAIA

ANC TMSTMS EN

RESTART TAPE

.X .................

°YES

• HIGH AeCrT • .......................

MCTABT°O •

• ic
°

• •
• .YES

• REENTRY • ..................... X.

MC_RRF hCT=O •

ic

IF_h

....*°°.*..°.'o

X
•*....•*.*.*°*.

° Xp<A I'_r ; °

_•....**•*o,°°.

_.*•*.•°°..o.•_

• UISA_LE Uui ut,

• Mi_m[SS IF_I.J•

,,,,,,.•,,,,o,•

IFM(+ lrP')

..*,*,,,,,*,,,
• ,°.,

At IF•J) l+ttJ*...X LC. •

Xr^ I
• ,,,,

*°

: ...... : ...... _+,.... !

IFM+ •

• YES "••••''••'''+'"

" - LXII• MCVTCA GEN. • •
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47. DIFFERENTIAL CORRECTION METHOD

DURING A GEMINI MISSION, THE GCDDARD IBM T094 COM-

PUTERS ACCEPT RADAR TRACKING DATA FROM THE WORLDWIDE

TRACKING NETWORK. THE COMPUTERS USE THIS DATA TO ESTAB-

LISH T_E PRESENT POSITION OF THE SPACECRAFT, TO IMPROVE

THE ORBIT DETERMINATION SO SUCCESSIVE RADAR STATIONS CAN

ACQUIRE THE SPACECRAFT, AND TO SUPERVISE REENTRY. DIF-

FERENTIAL CORRECTION USES SITE RADAR DATA TO CORRECT

ORBITAL POSITION AND VELOCITY PARAMETERS. A BRIEF DIS-

CbSSICN CF THE M_THEMATICAL TECHNIQUES EMPLOYED IN DIF-

FERENTIAL CORRECTION FOLLOWS.

IF THE POSITION AND VELOCITY VECTORS OF A SPACECRAFT

IN ORBIT ARE KNOWN, ITS COORDINATES AT ANY FUTURE TIME

CAN BE PREDICTED. THIS COMPUTATION IS ACCOMPLISHED BY

NUMERICALLY INTESRATING THE THR_E-SECOND-ORDER DIFFER-

ENTIAL EQUATIONS OF NOTION USING COWELL'S METHOD. HOW-

EVERt THE ACCURACY OF THIS PREDICTION IS DEPENDENT UPON

THE ACCURACY OF THE INITIAL VECTORS AND ON THE PRECISION

WIT_ _HICH THE PERTURBATIONS DUE TO THE EARTHtS SHAPE AND

ATNCSPHERE ARE REPRESENTED. THE ACCURACY OF THE INITIAL

VECTGRS,r B _NDv8 IS AFFECTED BY MEASUREMENT ERRORS IN

RADAR E_UIP_ENT. THE PERTURBATIONS ARE APPROXIMATED USING

_ODELS CF THE EARTH'S SHAPE AND ATMOSPHERE BASED ON THE

LATEST AVAILAI_LE INFJRMATION. HENCE, TO ACCOUNT FOR THESE

DEVIAIICNS T_ ThE ELLIPTICAL OR61T, THE PREDICTIONS MUST

RE CONTINUALLY IMPROVED OR UPDATED USING RADAR OBSER-

VATIONS. THE METHO_ WHICH ACCOMPLISbFS THE UPDATING TASK

IS CALLE_ DIFFERENTIAL CORRECTION.

TH_ NUMERICAL INTFGRATION TABLE IS GENERATED BY

NOCPNI USING CGWELL'S MUTHOD BASE[) GN THE POSITION AND
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VELOCITY VECTORS, rs AND v s AT TIRE ts. THE SIX COMPONENTS

_3F 0ASE VECIGRS _RE REFERENCED TO AN I,_JERTIAL COORDINATE

SYSTEM. HENCE, A SET OF VALUES ti, xli ,x2i tx3i ,x4i ,x5i ,

x6i ,ANC i RANGES I]VE_ THE ORBIT LIFETIME ARE ObTAINeD. IN

ADDITICN, ASSUME TF_aT A SET OF _]_SE_VATIONStik. ,Rjk,Ajk,__

Ejk (GRy IN VECTCR NOTATION, tjk, Fjk) IN LOCAL COORDINATES

ARE AVAILABLE WHERE -

= kth .th
Rik C_SERVATION OF RANG__ AT THE I RADAR

STATICN

= kth .th
aik OH_.SFRVATION OF AZIMUTIH AT THE ] RADAR

STATION

= kth .th
Eik CP_,SERVATION l,"F ELEVATICN AT THE ] RADAR

STATION

.tb

tjk = TIME CF kth OBSERVATIQN AT THE RADARTHE ]

STATION

AT ANY t_k , '_E CAN INTLRPOLATE INTO THE NUMERICAL
J

INTEGRATICN TABLE AND OBTAIN A CORRESPONDING r. KNOWING

THE PGSITION CF THE jth STATION AT tjk, THEN R'jk , A'jk ,

E'_k ARE CBTAINEC WHICH IS THE PKEDICTED kth OBSERVATION
J

AT THE jth STATICN BASED ON r8 AND v s .

AF = Fik - F'ik REPRESENTS, EXCEPT FOR MEASUREMENT

ERRCRS, THE DIFFERENCE BETWEEN THE ACTUAL POSITION OF THE

SP_CEC_AFT AT tjk AND ITS PREDICTED POSITION. SINCE F IS

A FUNCIICN CF TFE SIX INDEPENDENT VAt, TABLES Xms(m: I,...

6), FIRST-I]RDER CIFFERENTIAL EFFECTS ARE CONSIDERED BY

L_SI_ CF TI_E TOTAL DIFFERENTIAL (CALLED AN EQUATION OF

CENT3 IT II1_ } -

6
ar4u =

dFjk = Z _ x ms jk"
m=l ms

_I_RE EACH _x
ms

I% AN INCREMENTAL CHANGE IN THE COR-

q_ q
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RESPONDING COMPONENT OF THE POSITION AND VELOCITY VECTORS r

AND v. (NOTE - THESE VECTORS ARE NOT CONSTANT THROUGH AN

ORBITt BUT ARE SHIFTED AT EACH OF THE RADAR STATIONS.)

IN THIS EQUATION_ THE PARTIAL DIFFERENTIAL COEFFICIENTS

AND A Fjk ARE KNOWN AT EACH jtik" HENCE_ A SYSTEM OF

EQUATIONS WITH SIX UNKNOWNS IS OBTAINED. THESE EQUATIONS

ARE WEIGHTED TO ACCOUNT FOR MEASUREMENT ERRORS WHICH VARY

WITH THE RADAR STATIONS AND THE INDIVIDUAL COMPONENTS

CFF A SOLUTION IS THEN OBTAINED BY THE WEIGHTED
jk"

LEAST-SQUARES TECHNIQUE. AFTER ESTABLISHING THAT THIS

SCLUTICN IS ACTUALLY AN IMPROVEMENT_ A NUMERICAL INTE-
r._ ,_

GRATICN TABLE IS GENERATED ABOUT THE NEW r AND v AND THE
B B

PROCESS IS REPEATEC UNTIL THE AxmB ARE INSIGNIFICANT.
u
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48_ DODIFC - DIFFERENTIAL CORRECTION CONTROL PROGRAM

OODI_C IS THE CONTROL PROGRAM FOR L4 PROGRAMS WHICH

PERFORM THE DIFFERENTIAL CORRECTION FUNCTION IN THE

GENINI. PROGRAMMING SYSTEM. (SEE FLOWCHART.)

INPUT

TO ACCOMPLISH ITS FUNCTIONt DODIFC REQUIRES THE

FOLLOWING PROGRAMS AND LIBRARY ROUTINES -

PROGRAMS -

DLPCDC

D2SSMT

D3CDRM

RINDCP

D2CSFE D2SLNE

D2SUNE D2WEQT

D3WTLU D6CFRV

R2AINT

LIBRARY SUBROUTINES -

U?INTP UISQRT UAILSC

THE FOLLOWING TABLES SERVE AS INPUT TO THE DODIFC

PROGRAM -

A) TMSTMS (SET UP BY MPDIFC OF DATA PASSES TESTS.)

STA
S

1 +
--b

o

o

2

DE C T ADD

0 ,0, Loc. of Sta. Info.
in TMDATA
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TMDATA {SET UP BY MPDIFC AI TIME UPPER CORE IS

WRITTEN)

STA
S DE C T ADD

1 + Pass No. , 0, St. Ident. No.

Loc. of St. Mess. , 0, No. of Radar Mess

Blk. in upper core , 0,

S

1

B)

2

Fix Pt. See of t 0, fix pt.
ca,

rain. of t
ca

TMVTCA (Set up by M) DIFC using QTSX and TDCDEF)

R F1. Pt. M°U.

V F1. Pt. M.U.

t in add. to nearest whole fix pt. min.
ca

TNINTI - A BLOCK CONTAINING AN ORBIT INTEGRATION

T_BLE IN THE FOLLOWING FORMAT -

TNINTI FORM OF TABLE - O=MINUTES

I=SECONDS

+ 1_ INTERVAL AT WHICH ENTRIES

ARE MADE IN THE TABLE

+ 2 FIXED-POINT THE STARTING TIME OF THE

TABLE

THE ENDING TIME OF THE+ 3

987
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75 cells

3 words

for each

block in

upper

core,

block 1

in

TMDATA

, TMDATA

+2

7x length of

TMSTMS table
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C}

D)

E).

F)

G)

+ 4

+

-I,

+

4'

TMSTCH

+2

+3

E_C.

TABLE

X

Y

FLOATLNG POINT Z

X

ETC.

TNINT2 - REENTRY TABLE, SAME FORMAT AS ABOVE.

THE r_ v AND t FROM THE LAST DIFFERENTIAL COR-

RECTION FOR THE PRESENT STATION ARE AVAILABLE TO

DODIFC ]N LOCkTIONS TDRANV TO TDRANV + 6,

MONITOR SUPPLIES THE STATION CHARACTERISTICS

BLOCK IN THE FORMAT SHOWN IN TABLE OF STATION

CHARACTERISTICS BLOCK CONTENTS.

TMSTCH - A 37-WORD REFERENCE TABLE WITH THE

ADDRESS - [ OF THE STATION CHARACTERISTIC BLOCK

FOR EACH STATION. EACH WORD IN THE BLOCK CON-

TAINS THE LOCATION OF THE WORD PRECEDING THE

FIRST WORD IN THE DESIRED STATION BLOCK, I.E., -

BLANK

LOC - I OF STATION CHAR. BLOCK NO. l

LOC - Z OF STATION CHAR. BLOCK NO. 2

LOC - I OF STATION CHAR. BLOCK NO. 3

STATION MESSAGE BLOCKS IN THE FOLLOWING FORMAT -

WORD ! - STATION IDENTIFICATION NUMBER IN

ADDRESS_ PASS NUMBER IN DECREMENT.

WORD 2 - NUMBER OF RADAR MESSAGES IN THIS BLOCK.

WORD 3 -LOCATIONt RELATIVE TO WORD l, OF TIME

FOR MINIMUM RANGE IN THIS BLOCK.

IADDRESS FIELD}
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STATION CHARACTERISTICS BLOCK CONTENTS

Word

No.

I

2

3

4, 5

Prefix:
Decrement:
Address:
Prefix:
Address:

DCC Output
Station Name:

(in BCD)

Site type (0 = AN/FPS-16; 1 = Verlort; 2 = telemetry)
Earth sector number
DCC input subchannel number
Other radars at this site (7 = AN/FPS-16; 1 = Verlort; 0 9 none)
Internal station number

Subchannel mask (Subchannel 10=PZE 0, 0, 16; Subchannel 11 = PZE 0, 0, 8)

7
8
9

10
11
12
13
14
15

16

17
18
19
2O

21

22

23
24

25
26

27

28
29
30
31
32

33

34

Item Source

Geodetic longitude (_)

Geodetic latitude (¢)

Geocentric latitude (@')
sin ¢

cos ¢
Rs sin (@_¢,)

R s cos (¢-@')
Radius from earth center to ata.(Rs)
Altitude above ellipsoid (H)
Local vertical deflection

Longitude (A;_)
Local vertical deflection

Latitude (A¢)
Calibrated boresight elevation
Calibrated boresight azimuth
Inertial longitude at reference time

Air pressure at ground level (Pq)

Temperature at ground level (Tg)

Water vapor content at ground
level (eg)
AzimutK deviation from true north

Square root of weight 1 (range)
Square root of weight 2 (azimuth)

Square root of weight 3 (elevation)
Modulus (n-l)

R sin (_b-¢')
R cos (¢-¢')
sin ¢'

COS _b s

Boresight elevation correction
(03)**

Boresight azimuth correction

(02)**
Open for expansion

Source
Forms

Given Dec.
Given Dec.

,Computed
iComputed
Computed
Computed
Computed
Computed
Given Dec.

Given Dec.

Given Dec.

Given Dec.

Given Dec.

Computed
Given Dec.

Given Dec.

Given Dec.

Given Dec.
Given Dec.
Given Dec.

Given Dec.
Computed
Computed
Computed
Computed
Computed
Computed

Computed

Source Converted Converted
Unit Format Unit

DMS* Flt.
DMS* Flt.

Flt.
Flt.
Flt.
Flt.
Flt.
Flt.

Meters Flt.
DMS* Flt.

DMS* Flt.

DMS* Flt.
DMS* Flt.

Flt.
_1illibars Fit.

°C Flt.

_1illibars Flt.

-Pt.

-Pt,

-Pt°

-Pt°

-Pt.

-Pt.

-Pt°

-Pt,

-Pt°

-Pt.

-Pt.

-Pt.

-Pt.

-Pt°

-Pt,

-Pt°

-Ft.

Radians
Radians
Radians
Radians
Radians
Earth radii
Earth radii
Earth radii
Earth radii
Radians

Radians

Radians
Radians
Radtans
Millibars

• K

Millibars

DMS* Fit. -Pt.
Flt. -Pt.

Flt. -Pt.

Flt. -Pt.
Fit. -Pt.

Flt. -Pt.

Flt. -Pt.
Flt. -Pt.
Flt. -Pt.
Flt. -Pt.

Fit. -Pt.

Radians

Earth radii

Earth radii
Radians

Radians
Radians

Radlans

*DMS - degrees, minutes and seconds
**Original input - raw radar reading

989



VOL III REAL TIME PROCESSORS PART II - ORBIT/REENTRY

H)

I)

WORD 4 - TIME IT1) FIXED-POINT, MINUTES IN

ADDRESS, SECONDS IN DECREMENT.

WORD 5 - RANGE (R I) FLOATING-POINT IN GEMINI

UNITS.

WORD 6 - AZIMUTH (A I) FLOATING-POINT IN RADIANS.

WORD 7 - 6LEVATION (E 1 ) FLOATING-POINT IN

RADIANS.

WORD 8 - T2

WORD 9 - R2 2ND RADAR MESSAGE

WORD I0 - A2

WORD 11 - E8

AN ERRONEOUS MESSAGE IS INDICATED BY * 1.

MCNRRF

= O, DURING ORBIT

O, DURING REENTRY

TEESAB

THE FIRST EVEN SECOND AFTER BURNOUT IN FIXED

POINT SECONDS B35.

OUTPUT

THE FOLLOWING ARE OUTPUT REQUIREMENTS OF DODIFC -

A) AT THE COMPLETION OF DODIFC, A TRANSFER IS MADE

TO MFDIFC WITH THE ACCUMULATOR IN THE FOLLOWING

FORMAT -

AC : 0

ACe 0

S(AC)= ÷

PERFORM NUMERICAL INTEGRATION

DO NOT PERFORM NUMERICAL INTEGRATION

DO NOT PERFORM ANOTHER DIFFERENTIAL

CORRECTION UNTIL NEW DATA HAS BEEN

COLLECTED.

SIAC)= - PERFORM ANOTHER DIFFERENTIAL CORREC-

TION BEFORE SUPPLYING NEW DATA.

t IN PIAC} INPUT FOR NUMERICAL INTEGRATION IS IN
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B)

C)

TNNDCI (FOR 6 NDC TABLES).

0 IN P(AC} INPUT FOR NUMERICAL INTEGRATION IS IN

TDRANV (NORMAL SETTING).

TDRANV - IF INDICATION HAS BEEN MADE TO PERFORM

AN INTEGRATIONt THE IS-LOCATION TABLE SHOWN IN

TDRANV TABLE FORMAT IS SET AS INPUT.

TDPRNT - I40 WORD OUTPUT BLOCK USED FOR PRINTING

ON-LINE MESSAGES OF DIFFERENTIAL CORRECTION

RESULTS {SEE TDPRNT TABLE FORMAT)

METHOD

BEFORE A NEW SOLUTION IS ACCEPTED, IT IS COMPARED

WITH THE PREVIOUS SOLUTION TO DETERMINE ITS RELATIVE

RELIABILITY. THE FOLLOWING METHOD IS USED TO DETERMINE

IF THE NEW SOLUTION WILL BE ACCEPTED. FOR PURPOSES OF

THIS DISCUSSION, IT IS ASSUMED THAT A SOLUTION EXISTS AT

THE LAST ''ANCHOR POINT, IT AND THAT A NEW SOLUTION HAS

BEEN OBTAINED AT THE NEW ''ANCHOR POINT.'' EACH SOLUTION

HAS A ''STANDARD DEVIATIONO' OR ''PROBABLE ERROR OF UNIT

WEIGHT,'' AND EACH UNKNOWN HAS A WEIGHT_ Qi' DEFINED BY -

DICTED IS -

[ 12= z wi
i=1
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IN THE PRESENT CASE, THE INDEPENDENT VARIABLES,

COMPONENTS OF r0 AND VO. SINCE,

c (ti)= _ ro +_ VO and p= c = R (approxim_e1_

THEN, AT THE NEW °°ANCHOR POINT,,, [R] = 0
2 2

[_] = [r ] = (ql +Q2 +q3 ) (S.E.)2

Wi , ARE
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T]DRANV TABLE FORMAT

Location Contents

TDRANV

+1

+2

+3

+4

+5

+6

+7

+8

+9

+ 10

+ 11

+12

+ 13

+ 14

X Coordinate

Y Coordinate

Z Coordinate

Floating point
Velocity in X direction

Velocity in Y direction

Velocity in Z direction

Time; Fixed point units refer to + 9

1) TNINT1 if integration table desired
2) TNINT2 is re-entry table desired

Time stepping interval (integer); units refer to + 9

1)
2)

z)
2)

_)
2)

z)
2)

i)
2)

n

If bit position 35 = 1, interval is seconds
If bit position 35 = O, interval is minutes

length of time to integrate backwards (integer)
zeros if no backward integration desired

length of time to integrate forward
zeros if no forward integration desired

zeros; use N4DRAG program
zero; do not use N4DRAG program

+ 1, r and v in output table
zero; _ values only in output table

number of integration steps per output
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TDPRNT TABLE FORMAT

SHEET i OF 2

Location Contents

Word #1 Table 000 000 000 0XX

(where XX is the number of stations giving data)

TDPRNT+I+2+3 1

+5

+6

+8

+9

+II 1
+ 12

+13

+ 26

+ 27

+ 41

+ 56

AR

AV

Sigmm

K_ 1

K0

3

_!4_ e

standard error of fit

Internal Station Numbers

Equations per station

1st Edit (in the same order as station numbers)

2nd Edit
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TDPRNT TABLE FORNAT

SHEET 2 OF 2

Location Contents

TDPRNT + 57

+71
+ 72

+ 87

+1()1

+ 102

+116

+117

+119

+ 120

+192

+ 123

+ 125

+ 126

+ 127

+ 140

) 3rd Edit

t 4th Edit

5th Edit

Residual/M

A, E, I

f
_J

)
GMT associated with shove R, V vectors in

fixed point seconds.

Blank

Note: If the first word in the above table is O, no information will be

printed.
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F.--.-3

HOWEVER, THIS IS INDEPENDENT OFLVoJBECAUSEg0 =
O.

THE FOLLOWING CRITERION IS USED AND IMPLIES THAT f=l=g -

K0 2 02 6 6 QS _i) 2=(S.E.) E Qi = E
1 1 e

DURING ORBIT, THIS FIGURE, ASSOCIATED WITH THE MOST

RECENT SOLUTION, CHARACTERIZES THE QUALITY OF THE PREDIC-

TIONS AT A TIME WHICH IS APPROXIMATELY 15 MINUTES LATER,

THAN THE MOST RECENT 'tANCHOR POINT,'' I.E., ti =t o

÷I5 MIN. IN THE REENTRY PHASE, ti =T O , g=O. THIS PRODUCES-

1 e

USING THE SAME t. , A FIGURE OF MERIT IS NOW DERIVED
1

FROM THE SOLUTION AT THE LAST ''ANCHOR POINT'' TO BE COM-

PARED WITH THE K0 GIVEN ABOVE. IT IS ASSUMED THAT AN

OBSERVATION HAS BEEN MADE AT ti , AND THEREFORE, THE

EQUATIONS OF CONDITION WOULD HAVE TO BE COMPUTED AT THIS

POINT. IN THE COURSE OF SUCH A CALCULATION, THE FOL-

LOWING EQUATION WOULD BE DERIVED -

Dr =

THEN SET

K2 = (S. E.)2
-1 -1

a 3x6 matrix.

23 + A2 + 3j Qj.
j=l

[_]2 AT t i , BASED UPON THE PREVIOUSTHIS REPRESENTS

SOLUTION. THEREFORE, IF K 0 > b K_I.THE NEW SOLUTION IS

REJECTED WHERE b IS SOME FACTOR FOR DETERMINING CONVER-

GENCE.

USAGE

A) CALLING SEQUENCE -

ALPHA TRA OODIFC

OODIFC RETURNS CONTROL TO MONITOR AT LUCATI_N

MFDIFC.
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B)

C)

SPACE REQUIRED - 629 DECIMAL.

ERROR RETURNS - IF AN ERROR OCCURRED WHILE

PROCESSING A SINGLE OBSERVATION AT ti , THE

OBSERVATION ti IS NEGLECTED AND THE PROGRAM

ATTEMPTS TO CONTINUE. IN ALL OTHER CASES,

DODIFC EXITS WITH AN INDICATION OF A REJECTED

CORRECTION BUT NO PRINTING WILL RESULT ON-LINE

|TDPRNT Of.

Ol CONSTANTS -

KOZERO DEC 0

KMO000 MZE

KO000I DEC I

KO0005 DEC 5

KO0018 DEC 18

KOOO3O DEC 30

KO0060 DEC 60

KO0090 DEC gO

KO00.5 DEC 0.5

KO060. DEC 60.

KOI.E3 DEC IO00.

KOO.SH DEC

KCH233 OCT

E} TABLES -

TAWTPC BSS 88

TCORBP BSS 16

TD2SSM BSS 15

TDEQCT BSS 24

FIXED-POINT 0

FIXED-POINT MINUS 0

FIXED-POINT 5

FIXED-POINT 5

FIXED-POINT IB

FIXED-POINT 30

FIXED-POINT 60

FIXED-POINT 90

FLOATING-POINT .5

FLOATING-POINT 60.0

FLOATING-POINT 1000.

,I2394486 E-2

233 000 ODD OOO

WEIGHTED PARTIALS

MAX. NUMBER OF LOCA-

TIONS = C(KOOON) *

C[KOOOMB).

NEAR CIRCULAR ORBIT

PARAMETER FUNCTIONS.

SUM (DF**2]/M FOR

EACH STATION.

THE PARTIAL COEFFI-

g97



VOL liT REAL TIME PROCESSORS PART II - ORBIT/REENTRY

TOFNDC PZE

TONIET PZE

TDNDBR BSS IO

TDRANV SYN

TDTIMT PZE

TDTOBS PZE

TEQCIN BSS 27

TFESAB PZE

TLSSSE BSS I7

TMRARF BSS I5

CIENTS.

-= NO K-X INDICATOR TO STOP K-X

CALC. CALCULATION AND COM-

•= CALC. K-1 PARING DURING NUMER-

_LAMDO + I

ICAL DIFFERENTIAL

CORRECTION METHOD.

C(TNETIM-(2(TNINT2+[))

IN REENTRY.

NUMBER OF OBSERVA-

TIONS PROCESSED FOR

EACH STATION IN DIF-

FERENTIAL CORRECTION

INTERVAL IN REENTRY

15 LOCATIONS OF NUMER-

ICAL INTEGRATION INPUT

BLOCK.

INDICATOR TD CALCULATE

VALUE FOR END OF

NUMERICAL INTEGRATION

TABLE.

TIME OF OBSERVATION

FIXED-POINT SECONDSt

REENTRY.

INTERMEDIATE INPUT OR

OUTPUT BLOCK.

FIRST SECOND AFTER

BURNOUT IN FIXED-POINT

SOLUTIONS TO LEAST

SQUARESt SEt SE OF

ELEMENTS.

INPUT TABLE FOR NUMER-

ICAL INTEGRATION FOR
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TMSTCH BSS 37

TMSTMS BSS LS

TN4NEX PON

TNDCIN PZE

TNEARM PZE

TNETIM PZE

TNINTL BSS

TNINT2 BSS

TNOMFS BSS

TNSCOR DffC

TNUMNI. PZE

FIRST TIME IN REENTRY.

REFERENCE TABLE FOR

STATION CHARACTER-

ISTICS TABLE.

REFERENCE TO RADAR

MESSAGE BLOCKS.

NONZERO EQUALS STOP

NUMERICAL INTEGRATION

AT 60tO00 FT. ZERO

EQUALS CONTINUE NUMER-

ICAL INTEGRATION.

ZERO EQUALS DLPCDE_

NOT ZERO EQUALS NUMER-

ICAL DIFFERENTIAL

CORRECTION METHOD FOR

PARTIALS.

ANCHOR POINT FOR

REENTRY IN FIXED-POINT

SECONDS.

TIME OF LAST ENTRY IN

NUMERICAL INTEGRATION

TABLE.

2200 ORBIT INTEGRATION

TABLE.

X800 REENTRY INTEGRATION

TABLE.

X5 NUMBER OF OBSERVATIONS

DESIRED FROM EACH

STATION REPORTING.

ItItI_ZtZ_3t4tS_6t6tT_Tt8_9tIOtllt

llv2,2

0 lEST FOR ALL 6 TABLES
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TODCHC PZE

IPWTDF BSS 11

TRVTAP BSS 13

TBTWTS BSS 33

TSVSEE BSS 6

F) CONSTANTS -

KOSWTR SYN

KOSWTA SYN

KOSWTW SYN

KOOTOB SYN

KRVECX SYN

KRVECY SYN

TEQCIN BSS

TEQCIN

KOSWTR + I

KOSWTR + 2

KOSWTR + 3

K00TOB ÷ 1

K00TOB + 2

I000

SET UP FOR NUMERICAL

DIFFERENTIAL CORREC-

TION (0= NOT USE

NUMERICAL DIFFERENTIAL

CORRECTION, 6= ALL

SET UP}.

TIME AT 450,000 FT.

USED BY DIFFERENTIAL

CORRECTION WITH MIN-

UTES IN THE ADDRESS,

SECONDS IN DECREMENT.

W(DF) MAXIMUM NUMBER

OF LOCATIONS {KOOOMB).

ANCHOR POINT BLOCK

(SEE SYN CARDS FOR

FORMAT).

WEIGHT WORD TABLE.

SE -THff SIX STANDARD

ERRORS OF THE ELEMENTS

SAVED FROM THE PREVI-

OUS CORRECTION.

27

SQUARE ROOT OF STATION

WEIGHT FOR R.

SQUARE ROOT OF STATION

WEIGHT FOR A.

SQUARE ROOT OF STATION

WEIGHT FOR E.

TIME OBSERVED.

%
Ry
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KRVECZ SYN KOOTOB ÷ 3

KSTCHL SYN KOOTOB + 4

KTSUBI. SYN KOSWTR + 8

KOOROB SYN KOSWTR ÷ 9

KOOAOB SYN KOSWTR + I0

KOOEOB SYN KOSWTR + 11

KVVECX SYN KOSWTR ÷ 12

KVVECY SYN KOSWTR + [3

KVVECZ SYN KOSWTR + 14

KDODRC SYN KOSWTR ÷ 15

KOODAC SYN KOSWTR ÷ 16

KOODEC SYN KOSWTR + 17

KMATRX SYN KOSWTR + [8

KCCNTR SYN

TDCCNT

TDCCNT

KSRIND SYN TDCCNT + I

KRESID SYN TDCCNT ÷ 2

KD2CNT SYN TDCCNT + 3

KD2SUT SYN TDCCNT • 4

KDCSTT SYN TDCCNT + 5

lOOl

RT,

LOCATION OF THE STA-

TION CHARACTERISTICS

BLOCK FOR STATION

PROCESSED.

t. IN GEMINI UNITS
I

(FLOATING_POINT).

RANGE OBSERVED.

AZIMUTH OBSERVED.

ELEVATIDN ANGLE

OBSERVED.

Vx.
Vy

V
Z

CALCULATED RANGE.

CALCULATED AZIMUTH.

CALCULATED ELEVATION

ANGL E.

M MATRIX (USES 9 LOCA-

TIONS).

BSS 24

COUNTS NUMBER OF TIMES

IN LARGE LOOP.

MINUS = NO NEW STATION

CAME IN.

INDICATES TYPE OF

RESIDUAL CHEEK.

INDICATES lST TIME IN

D2SSMT.

INDICATES [ST TIME IN

D2SUNE.

INDICATES IST TIME IN
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KCORMI

KOLSMB SYN

KONDRM SYN

SYN TDCCNT ÷ 6

TDCCNT ÷ 7

TDCCNT + 8

D2WEQT - SET = I.

INDICATOR FOR D3CDRM

- SET = [ FOR EACH

STATION PROCESSED IN

INTERVAL.

CONTAINS LOCATION OF

STATION MESSAGE BLCDK.

NUMBER OF OBSERVATIONS

TO BE TAKEN FROM EACH

STATION.

KOOOON SYN TDCCNT + 9 NUMBER OF PARTIALS, 6.

KOOMCT SYN TDCCNT + I0 NUMBER OF EQUATIONS

BOUND FOR D2SUNE.

KOSUMM SYN TDCCNT ÷ II TOTAL NUMBER OF EQUA-

TIONS FOR LEAST

SQUARES SOLUTION.

KSUMWT SYN TDCCNT + I2 SUM OF THE WEIGHTS.

KDFSQU SYN TDCCNT + 13 SUM (OF) SQUARED.

KSAVSE SYN TDCCNT + 14 SAVED FROM PREVIOUS

CORRECTION STANDARD

ERROR.

KSEMPY SYN TDCCNT + I5 SE TIMES RESIDUAL

CHECK FACTOR.

KINTIM SYN TDCCNT + 16

KRETBL SYN TDCCNT + 17 LOCATION TO INDEX

KTOTLM SYN TDCCNT ÷ IB

KTDFSQ SYN TDCCNT + 19

TMORES TABLE FOR

D2WEQT.

ALL EQUATIONS FROM

STATIONS IN INTERVAL

USING ALL OBSERVATIONS

NOT JUST DESIRED.

SUM W {DF) SQUARED FOR

1002
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KINSDF SYN TDCCNT + 20

K£UBMI SYN TDCCNT + 21

KSAVKO SYN TDCCNT + 22

KNEWKO SYN TDCCNT + 23

TSETCT BSS

KLASTS SYN TSETCT

KSAMES SYN TSETCT ÷ !

KWTIND SYN TSETCT + 2

KNOBBD SYN TSETCT ÷ 3

KCPRVI SYN TSETCT + 4

KOOOMB SYN TSETCT + 5

KCCNBD SYN TSETCT ÷ 6

KSEFTR SYN TSETCT + ?

KTIMAH SYN TSETCT + 8

KPERST SYN TSETCT ÷ 9

KRDELT SYN TSETCT + lO

1003

STATION IN INTERVAL

USING ALL OBSERVATIONS

NOT JUST DESIRED.

INDICATOR TO D2WEQT TO

CALCULATE RESIDUALS.

K_ 1

K0 FROM LAST

CORRECTION.

KO

It

FACTOR FOR K_I COMPA-

RISON.

FACTOR FOR K0 COMPA-

RISON.

ZERO - USE D3WTLU

(WEIGHT TABLE ).

TOTAL NUMBER OF OBSER-

VATIONS DESIRED FROM

STATION.

ZERO = RV

UPPER BOUND OF TPWTDF

BLOCK.

DESIRED NUMBER OF

TIMES FOR DIFFERENTIAL

CORRECTION EDIT LOOPS.

RESIDUAL CHECK FACTOR

IN FLOATING POINT.

NUMBER AHEAD TO CAL-

CULATE K_I.

NUMBER OF INTEGRATION

STEPS OUTPUT INTERVAL.

OUTPUT INTERVAL FOR
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NUMERICAL INTEGRATION.

KDCBND SYN TSETCT ÷ Ll BOUND FOR NUMBER OF

DIFFERENTIAL CORREC-

TIONS PER STATION,

CHECKOUT - DODIFC HAS BEEN OPERATING IN THE

GEMINI PROGRAM SYSTEM SINCE APRILt [964

G)

1004
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CA3÷5
*eee*e****.**e*

*.ee* **e. ee*e
• * ** *_TORE 1,000

: ENTER : :CO:..X: INTOKI Ko
• DODIFC * °*** _ KSUBMI, KSAUK0*.eel• *ew • *** t *

• ***e.oteao*oe.*

* CA47• * **e* :*.**eeeQ***.*_
• *TNU NI NOT=O Y_S • *

*|NITIALIZE DEe
e IANY NDC eX BO , • AND *

TABLES * |BlOc • SUBROUTINES •
e CONPUTED) * ..co

............. :
_o

DEAl÷CO *
:..***oee..***: , • CABT

i c,,ciINTOi ." ,RST.S.-"NoRSRIND O TO COUNT EDIT IONLY [ STA.° • ............ X °
INTO KC_NTR LOOPS • IN DO

• •*•*eetee.eee_ ° INTERVAL) *

e

YES

CA84
°**.•.*°•°°*°e°

. •.°
NT* LBS FROM

STAT ONS IN * °DC }D3PTW_ 0"_ C4:

• ***

o,.*Hom*oee**o

CAB6 ER87÷4 CABS-1

• " " .YES ...... : ............. : ... : ............. :
• KSRIND =- ° • ° * • •TEST OF OOSe e • STORE NO. DFe

• (2NO OR LATER °X C6 ° *E3eo. X*FROM LATE STA•...X A6e : OBS. FROM •

• OC) • 1009" • * • FOR VALID • • w • ANCHOR SrA*
• • *°*. .• • D.C. * •** • IN TNOMFS *

tODD°eel,o,t••• °eom••o,e••l•e•

• NO

l
• • CA8T+4 CA43 • • CA8¢ • •

• • • •NO eel lee • • • *NO • • * eYES
• KSR|NO=O NOT • • * • • • KRESID=-O ° oe* •

IS]" DE AT •X B3° eB4 • IFIRST EDIT • ........ •CB_X MENRRF=Ot IS e .......................
STATION * • • • • ° LOOP) • THIS ORBIT DE •

• • **o ew* •,

• .;ES "-;Es "-_o

• • • CAI9 . CA8_.÷2 X
• * *oIlil•*•°tl°°l

• eYES •NO *eee
• MCF RUC m - °

• (TEST I_ * ........ • XR2=0 (FIRST i •_ C0 • °

• CONSOLE i STATIONI • lOOTe
• FORCED DC)! • °°*.

•ND

CABS-I ° • ° CARCI

° *NO °°De
e°°° • AT LEAS[ 5 • ° e .
• A6*X OBS. FROM eX AI•

° ANCH° STA. ° lOIO°
• .°* • ° **°•

• * _ES

°

_X .................

l
CASB•6 • CA86

*
• • *NO *••*

• MCFRDE-- °
• liST INI_. •_ Cb**

• FORCED OC) • IO09e
• • •H°

=

• _ES

;
CAt * * CA44

°
• * •YES **•*

• KSRINO=- * * °
(TEI.T IF _NO ,X B• •

OR LATER OC) • 1009e
° • o•*o

t • _0

CAt4

• *YES •o••
• I

• TOENOC = + *_ D4**

1006°
*_te

• * _D •***

.......... X* CO°

eee

CA3•5

_ES

:**°.e**°•*°*°_

• CALC. KOOTOBo
° INTO MCTLST •
°(FOR RESTART)•
* D-R PHASE •
•**•o••••o°loe.

CA7?

i SIORE CIXRII•INTO TDNOBR •
FOR NO. OB_"

• FROR STA. i
**•••oo•**lo.o.

* O INTO XRI :

_x .................

CATg÷3 X CAL9
•o•°•°°°oeo_ee•

: KOSUNI INTO _ ***°
eKE•ELM KDFSQU°.**_ coe°

e INTO KTOESQ • 1001o

: STARTINGINTEGo TIMF :

°TNINT2+2 INTO*

* KINT|N *

eee*o*o*oo°t•*t

CA5

: ............. : : ............. :

:O INTO KTIMAH_ ................. X_ SET MATRIX *ORDER KOOOON°

: ............. _ : INoFCALLDLsuNESEO..,
m°°ii,H,,..••,

CASS ° CAPND
°

* MCNRRF=O (IS ° °el•°•

* THIS ORBIT *X A3 •

DC) * IOOql
• *°..

*
e

_ES

°.*•.*ot•*llil°o.

GET ORB ANCH •
FROM FMVTCA

• FOR TRVTAP *
I***°**HHO,°.

D4CFRV CA4

• **,*

CALC. * ° ,• FUNCTIONS OF iX A__ •

r, v INTO * I006•

• TKVTAP • i*.*



CA4

_AO*.oX_ SET CONTROLSeFOR |ST LOOP*
• • • ONLY AND •
el• • IN|TIAL|ZE •

••••+emeeeeeme•

VOL Ill REAL TIME PROCESSORS PART |I - ORBITJREENFRY

• • • INDEX KRETBL_

• C0•.oX, BY I-2) F• •

• , _ STORE W (dE)
IN TMORES

•i••,••o•,•,H,

CA9

... :............
emAl•..l_ SET CONTROLS•NEEDED FOR •

• • • EACH LOOP •

... ..............;

iONFIRS,LOOP:

+,.,•J.+••+•+,+

OF NEXTSTATIONS t ,

• r+ v FROM •
• TmvTCA •

CAXX-X CAT2

[B2_..X_ O INTO XR+ _ _C+*** SEL. DES. •
R_OAR DOS.

• • • • • • FROM ST4.
• i 1•1 + D3CDRM •

•GET START LOC°
• FOR STORING •

"EQ. IN

"';'***'*"°*"*; * * " *YES

SET UP N.Io • • HAVE ALL 065. •INPUT BLKo • FROM STA. • .......

(TSTRVI) FOR• BEEN PROC° •

CAlO
l+m+°oe•,l,•+e+

..... :° ............ :

• • °SET CONTR FOR, °

• R4 ..X• ERCH STA. • _ RUNOE_KUTTA• • °KCORNI,KINSDF• tABLE. •

"°• ,•I,•Q,,••+••I.•CLSMB+TNOMFS• ,,,•,m••,,,,••,

CAXI

• • CAXX-I

• +MCNRRF-O luY. S_ ••• • QISX NNGEN3
i

ORBIT •_ B2_ *• FOR SHORt "o

THIocIs • • • • TABLE •

• • •i• • [NrEGRATION •
• a•eaH••H.HH

• . _o

:x ................ ;..............:

k
Q•elmmetmmel••e

Pier up :mESSAGE BLK°•
EOCATION IN •

ALL DESIRED

OBS. SEL.

FROM STA.

PROCESS ONE
OBS. (A+2)

••••Ht••••I•H

:*'. : STOREKOOM_T:

"" :...._L..:

• CA43

........ " .... _ * * *YES ,,,,

• SET KOOTOB ITI •
• OF OBS. l_ • • KOONCT=O (ALL • o_ R_ 1o

• CALLING SEO • EO. INCL.) * lOOG•

:.._L_[_[:L..: .....
• _o

• t•,•*•.••••.,••
• • •YES

• • ,1 REINITIALIZE "•

• MCNRmF-O • ........ • OZWEOT FOR •
(ORBIT O*C.) • • LATER USE •

• 02WEQT+I •

: FORmOVERE.:
• INTO CLSMB *

I• MOV_ 8LK. TO *
--- MOVE---

LOWER CORE ••
• • INTO T_STRT

CAB7 • • CAI_ *CAIB-2 • CA43

• • . , ,••••••••••l•• ml,•

• • ,v_S ,,,, : ** ROD wt. EQ. • • •

• TOTOBS GT I- •X D4• • • TO NORMAL EQ. ix B4 .

TO TONTET • • • . D2SUNE • |0_•

_x .................

CA_S-Z

INtERPOLAtE •
-e FOR COMPUTED •

R At T
IUTINTP ] •l

• • CAIE

• eND e•e
• K CNTR= • • •

• (F|I_ST ED(PT •X C2•

LOOP) , • •

• ...... •..X- COl

e • CON'VERT R i _• mill•

• TO It A + U_JI+_C" ._ AO *
• ' ' ' • tOOl•

IIiiiiiiiiiiiii

1006
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• • CA¢6

• eYES •el•• •eee•••••• e
••••• • TNDCIN NOT=O • • CALC.

eAO• [TEST TO USE e.o._ ........ X PARTIALS WITH
• • NDC METHODI • NDC METHOD •
• me * • • RINDCP •

• •••**•••**••••m

• _D

CAI9

.... "_VC_......... .
SUMMATION E

!CO:-_ 2/M (TD2SSM) dF ".

• •• • D2SSMT ••

CALC. _*•**********'_
XRI=XR1

• • PARTIALS WITH • _ PLUS/MINUS 1:
• ANALYTIC •

ETH• _ TO COUNT NO•e• _DIPCDC) •• IN REENTRY •

CAz6

• • KRESID=¢O
• D2WEQT IWT EQ •

OF COND IN

LODP _t3) •

:-.-_;;*:*.:
• CASPM INTO •
• TDPRNT (STORE•
• NO. OF EQ •
• IKOSUMM) •

IN TDPRNIUSING XR4 :

• e • e * *YES

• KCCNTR GT I= •
_OO:X TO KCCNBD .........

(LAST EDIT •
• * • LOOP) *

CA9

• KCCNTR= • • • .
• KCCNTR÷I, 0 •...X AL •

INTO KRESID • I006•
• •*•,

CA2I i

0 INTO TEMPO•FOR KO COMP.•

X

• • CAI2

• eND •e••
• HAS MAX •

o STORAGE BEEN •_ C2 •*
FILLED |006•

• • e••e

_ES

MAX. ST.
FILLED

STORE KOSUMM•

INTO CASPM •

:.............:

• XR_=XR6-| FOR•

• NEXT STAo NO°•

EQ. •

:.............:

• • • •NO

• MCNRRF=O • • ........
I ORBIT DCI o

_ES

CA66

• SUIvIMATION S_ • • • •

_ 1.6i_OiiKil •••°°XIOos•AO •

**_ ._ ... ** ....

: STORENO.OF:
*EO. PROCESSEO•

: ............ .:

4' •

• KOOMCT IN •

** CALL SEQ. OF•D2SUNE CAI7 •

-............. :

_0 INTO KOOMCT_

CALZ
**••e o••*••• •

• • ADD WT• EQ. •• _•ee•

• TO NORMAL •X C2 •
• EQ•I D2SUNE • lOOb•

• •TMSTMS=- ([_N_

• THIS LAST

• STATION) •

• • _ES

CAIO

:.............: ....
...............x: _R2-XR3-E:..A AJ. "

• I006•

: ............. : ....

i
CA20 CAZ3

• • * •NO •*•*

• KOOON LT •
• KSUMN IENOU_H •_ A2 ••

EO. OF COND.) • lOIO•

_E$

• SAVE NORMAL
EQUATIONS •*

• D2SLNE •

i

• CALC. S e

• :• ELEMENTS •

• • D2CSFE

CA•,6

:*"VoM_: .... : ....
• UMMATION • • •
IS _ 1 '_ PnR • X AO *

"_ EO..EE_T_ }..8

: CALC._ ,NTO:..ADO:
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CA66 CA49
*••** ••••* . ••*•

.... GET SQ._RT .... : ............. _ Z .............

• • eSUMM. S _ • • • •STORE TIME IN• me*• •STORE TI_E OF•
• COm..Xe ANCHOR POINT•

•*AOe*• INTO e KNEWKU, •• *DO*..X• SEC* IN *• * •TDRANV•6. SET• • * •INTO TDRANV•bm

*-• * RT • •• • UP REM* * ••..... _ ....................... : ............. :

CA27

• *•***••* • IoIe. :•••JO•HO•H•_ ••••••••H••*••
*STORK IN TDPRNF _ STONE Ao, R, i,

_&X&Z S e, K_l, K 0, _OF TORANV FOR_ ................. X• r,v INTO

_S, FOR RTY, STAT. * REENTRY • _ TDPRNT FOII •

, NOs, _ dt-2/M _**m•..•***•••_ _ ONLINE

•YES
• *•• •

*Do•x CACNT GT/= T0 * ........
* * * KDEBND •

.. * •

• _o

°

MFOIFE
*H•..*•**.....

:STORE CACNT : :**** *

• 0 INTO _CFROC•.**X A3 *

1O INTO TDTIWT• lOlO-
• AC • -.*•
•*Ho.•....••*•

** ***

• *MCFORC NOTED Y_S

• ICONSOLE *.*.k ....
• FORCED DC) •

•

• x _CA22 •* • _ CA25

• • • •YES • E -K_ 1 •NO •••

• KSRINO=-O • ° •
• I2ND OR LATER * ............ X • LT K_ KSAMES •_ A6•

O.Ci OR LATE • (KSAVKQ) ° *••**
• STAT.) * " • KNEWK0

• * YES _••**• _o : .......... x* Aa *
fOlD•

CA2)

• _CAtT • * * CA25

"KI,ASTS •• • • _YES _KSAVK0) GT IYES ••*
• TDFN C NOT-O, * • •

• (LATER TA. * ............ X
• AFTER l_' L' • KNEWKO •; A6:

• 450K) •

• • * * CA23

• eYES *De•
KNENKO T

• XSUDR_ * *_ A2"*

• (K--'K--) * tOlD*

CA25

• **- _STORE - INTO_
• A6"..X• KSAUS_. S-- *

.... : INTO_,SEE:
• *a *** **• *

CKon It; I' K n . • *el• •
• • o

• • _a ****.
.......... X* A2 •

10tO*
•••*

CA23

CA24

• DELTA v TO •

_RVTAPw
TDRANV

• mlo **• •** O_A m •

A C*
• OIRE_T 0NS 0E

CORRECTED •*

• RBV_ D6CFRV •

• • EAZ8

• * *NO •• * o NTO AC F 1 *

NCNRRF=O • ........ ,D2•..x•K0 IN'['() K ,•

(ORBIT OCl * *••.* ." o INTO **
CACNT

"_*:s

i CONVERT TIMEX
TO SEES. •

X .................

• STORE TIME OT_

• ANCHOR POINT*
• INTO TDPRNT •

••e•e*eo••_•••*

MFUIFL

. ° •

* 0 INTO •*..X A3 •
• MCFRDE, TDTMT. |01D*

• •MCPORC NOI-U Y_*S

• ICONSOLE * ........

• FORCED D.C.I •

• NO

CA60

i

• • KSRIND =- H. O

• (_ND OR LATER * ....... X
• D.C.)

• * _ES

i
• • CA_B

• YES ••*

• S K0n 1 * •_ 02_ *

• . _10

_X .................

• SAV KO

KSAVKO

• • CA49

• * •YES De.

• • R NRRE-0 * •_( CO _*

• ,IOR_Ir D.C.*, **..*

R • _0 •****

.......... X* BO*

eee

1008

INCREASE 0[ • "
COUNT CACNT=**.*X OO_

CACNT*I * • *

: ............. : ...
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CA3 • • • CA46 • • • CA4

*KSRIND • • • *YES sill

**•. , _X 0 (CALC. ,NO _*** * * • * *
*...,..o*•80 • MCNRRF-O •X A0 *

*A0*X NEW ANCH. . * * !0RSIT OC) 7006-

** * PT.) ,,* • • -***

• ° . * * ,**

• • ;ES "..No...... x: _:

CA_5

• • CA81
• *•••*Jt•.J•*•l•

• YES • *

• TOFNDGI+ • QTSX GE7 •

(CA/C_INEWK} •.... ......................................... Xe TABLE FOR K-I ••
I

_ • CALCULATION

• • •.Hit•iel.•••u• °

i SET CONTROLS •FOR
SUCCESS ;VE

._ .... _C°. S .....

INTR ERROR IN
D4CFRY

X

CARNO e • • • CA23

e•. • FIq_TDZ_,_CH. PT• •NO e...

• * • FOR REENTRY, •

:A3..X: STORE t INTO: • MCNRRF-O " "170|0"A2"*

• *e " TNEARM • • • • ei*e

_ES

2ND ERROR
CAZ3 REJECT

• - • : ............. :
• IANCH. TIMEt•Y_ S •SET CELL CAT8•

• TIME AT 450 K *...; .......... X• FOR LT 450 Re
e LT TNEARM • • INO •

• • _O

• CALC. ORB. e
• ELEM. OF

• REENTRY R,V
• O_CFRV •*

CA3

: ............. : ...
: KT,,A,o, is:...;A0:
: INTO KTIMAH : *•..•

CA45 • • w

• •NO
• *•e • IDTINT-0

*A6•X (INET IR END • ........
• • • T[WE OK FOR *

• * • TNINTZ) •

;es

CRTR

D

• GET LAST •
• VALID TIME •

FOR INTERP•INTO TDNIET

i
• • CAR

• *N_ :--*.

• TEST IND. _OR •X RO •• LT kSO • 7006•

• • _ES

NFDIFC

• ..;;• SET UP NI "•• INPUT FOR N0C _ *•

• R2AINT • 1010*

CA86 • • • DCA8b•2 CARDC

_••• • KWTINO NOT =O • •• USE PROG *

• CB • (T. WE. PROG • ............ X 03NOF5 •X AO •
• • • USE0 FOR 08S) • • !SCHEME • _010 t
e.• * EOFZIN) • •••l

• _ES

• CA44

• • KSR7/_3 =- •Y_S ••••e

• !2ND OR LATER •X BO•
DC) • • •

; cA3

• e WT. OBS. FROM • •••
SEA. IN OC "-; RO:

• USING TiRE WT • • •

D3PTWT • • •••
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CARD(]
• AO °.X.RET. IN CALOG t
• - - ROOM FOR S •

me• • ERRORS •

.me+otHmH.eto

CARCI

... :'............
• • +0 INT0 TDPKNT+

*AI ..Xl UND. NO. TO *
• + •PRINT ON-LINE•
tH •

CA23

... :.............:
• - II INTO TDTIMTI

IA2 ..X- A£• 0 INTO •
• l ICRCNT [ND EORI

• •l • RES. •
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CA_7 • " CA¢8 • •

• • -YES • " •NO
•••*• • TNOMNI GTI= • • TNOCIN=O -

• BO - TO 6 {ALL b • ............ X (FIRST _DC • ........
N• TABLES SET • STa) -

• o- UP FOX N.D.C)

_ES

MEDIFC C116

• SET UP NI -
INPUt FOR NDC e_ a+_

R2AINT *

l.••ol.mH.HeeIl •'"

i SET CONTROLS"

TO FORCE AGO"
INITIALIZE •
FIRST NDC •

iilltilllllliil

.x .................

Ca4

SET CONTROLS_...I a0*-
• FOR NDC • lO06m

• •o••

MFDIFC

:A}'X: EXIT :

MFDIFC
• .• .IH.OHH•Ha.

lOlO
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49, MFDIFC - MONITOR SUFFIX TO DODIFC

MFDIFC MAY BE ENTERED FOR ONE OF THE FOLLOWING

REASONS - I) AN ACCEPTABLE DIFFERENTIAL CORRECTION HAS

BEEN MADE AND DODIFC HAS REQUESTED CONTROL FOR ANOTHER

CORRECTION USING THE SAME RADAR DATA, 2) AN ACCEPTABLE

DIFFERENTIAL CORRECTION HAS BEEN MADEt BUT DODIFC DOES

NOT WIBH TO CORRECT AGAIN USING THE SAME DATA_ 3) THE

DIFFERENTIAL CORRECTION HAS BEEN REJECTED BY DODIFC_ AND

4) THE DIFFERENTIAL CORRECTION HAS BEEN REJECTED BY

MPDIFC WHLCH DETERMINED THAT THE NEW SET OF OBSERVATIONS

IS NOT ACCEPTABLE FOR THE CURRENT DIFFERENTIAL COR-

RECTION. (SEE FLOWCHART)

INPUT

A) TDRANV - CONTAINS r AND v VECTORS OBTAINED FROM

DIFFERENTIAL CORRECTION TOGETHER WITH NUMERICAL

INTEGRATION CRITERIA.

B) TMSTMS - A TABLE OF MNLTMS ENTRIES, CONTAINING

tN THE ADDRESS FIELD OF EACH ENTRY THE LOCATION

OF THE TMDATA BLOCK ASSIGNED TO EACH REPORTING

SIATION WHICH WILL BE USED IN DIFFERENTIAL

CORRECTION. ENTRIES ARE ORDERED ACCORDING TO THE

TIME OF MINIMUM RANGE (TMR), WITH THE ENTRY FOR

THE MOST RECENT TIME FIRST. THE LAST ENTRY IN

THE TABLE IS SET TO NBGATIVE, ALL PRECEEDING

ENTRIES ARE POSITIVE, WHILE ALL REMAINING

LOCATIONS ARE NEGATIVE ZERO.

C) TMDATA - CONTAINS SUCCESSIVE 3-WORD BLOCKS SUCH

THAT EACH BLOCK IS ASSOCIATED WITH A REPORTING

STATION. THE FIRST WORD OF EACH 3-WORD BLOCK
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CONTAINS THE STATION IDENTIFICATION NUMBER IN

THE ADDRESS FIELD AND THE ORBIT NUMBER IN THE

DECREMENT FIELD. THE SECOND WORD CONTAINS THE

NUMBER OF RADAR MESSAGES RECEIVED FROM THIS

STATION IN THE &DDRESS FIELD AND THE LOCATION OF

THE STATION MESSAGE BLOCK IN UPPER CORE IN THE

DECREMENT= THE THIRD WORD CONTAINS THE TIME OF

MINIMUM RANGE WITH MINUTES IN THE ADDRESS AND

SECONDS IN THE DECREMENT.

D} MCSTNO - CONTAINS THE IDENTIFICATION NUMBER OF

THE STATION MOST RECENTLY PRESENTED TO DIFFEREN-

TEAL CORRECTZON.

El MCNRRF - WHEN NONZERO,. INDICATES RETROROCKETS

HAVE FIREO AND THE SYSTEM IS IN THE REENTRY

PHASEi.

F| MCTABT - WHEN NONZERO, INDICATES THE SYSTEM IS

IN THE HIGH-ABORT PHASE.

G) MCZZCC - WHEN ZERO, INDICATES THE DIFFERENTIAL

CORRECTION WAS REJECTED BECAUSE OF THE ABSENCE

OF r AND v ENTR_ES IN THE TABLE.

HI MCDCRJ - WHEN NONZERO, INDICATES THAT THE

CURRENT SET OF OBSERVATIONS WAS OMITTED FROM THE

DIFFERENTIAL CORRECTION BY MPDIFCt HENCE RE-

JECTING A DIFFERENTIAL CORRECTION,

I! MCTLST - CONTAINS THE TIME OF THE MOST RECENT

OBSERVATION INCLUDED IN THE DIFFERENTIAL COR-

RECTION. THIS TIME IS WRITTEN ON THE RESTART

TAPE.

J1 MCHFSC - CONTAINS IN ITS ADDRESS FIELD THE

CURRENT GMT IN FIXED-POINT HALF-SECONDS.

K) TNNDCI - CONTAINS THE STANDARD INTEGRATION FOR-

MAT WHEN NUMERICAL DIFFERENTIAL CORRECTION IS
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BEING USED.

OUTPUT

A) TMREST - DATA TO BE WRITTEN ON THE RESTART TAPE

16 STORED IN THE RESTART TABLE.

B} TMLAST - THE BEST CURRENT VECTOR IS STORED IN
i

THIS TABLE WHEN THE FINAL CORRECTION HAS BEEN

ACHIEVED.

C) TDCDEF - ZF A CORRECTION HAS BEEN ACCEPTED, THE

NEW DEFINING VECTOR IS STORED IN THIS TABLE.

NOTE THAT TDCDEF AND TMLAST WILL BE IDENTICAL

AFTER THE LAST PASS THROUGH A CORRECTION CYCLE.

D) MCDCCT - SET TO NONZERO WHEN DIFFERENTIAL

CORRECT£ON IS SUCCESSFUL. THIS CELL IS USED BY

NOCPNI TO DETERMINE WHETHER THE PREVIOUS TABLE

CAN BE REGENERATED IF AN ERROR OCCURS.

E) MCDCIP - SET TO ZERO WHEN THE FINAL DIFFERENTIAL

CORRECTION IS ACCEPTED FOR THE CURRENT DATA TO

INDICATE DIFFERENTIAL CORRECTION IS NO LONGER IN

PROCESS.

F) MCDCRJ - RESET TO ZERO, IF NONZERO ON ENTRY TO

MPDIFC.

G) MCFORC - SET TO ZERO UNLESS THE CAPSULE IS BELOW

450,000 FEET.

H) WHEN APPROPRIATE, ENTRIES ARE STORED IN THE

QUEUE TABLES FOR NOCPNI AND MYMESS.

METHOD

MFDIFC CONTROLS THE PROGRAM FLOW BY PLACING APPRO-

PRIATE ENTRIES IN THE INPUT QUEUE FOR NUMERICAL INTE-

GRATION FOR THOSE CASES IN WHICH INTEGRATION IS DE-

SIRABLE. INTEGRATION IS QUEUED IF - L) THE FINAL
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DIFFERENTLAL CORRECTION FOR THE CURRENT SET OF RADAR OB-

SERVATIONS HAS BEEN ACCEPTED AND THE ORBIT PHASE IS IN

PROGRESS, IN WHICH CASE AN ORBIT DISPLAY TABLE IS

DESIRED, 2) THE DIFFERENTIAL CORRECTION FOR THE CURRENT

SET OF OBSERVATIONS HAS BEEN ACCEPTED AND THE REENTRY

PHASE IS IN PROGRESSt IN WHICH CASE A REENTRY TABLE IS

DESIRED, 3) THE DIFFERENTIAL CORRECTION HAS BEEN REJECTED

BY DODIFC FOLLOWING AN ACCEPTABLE DIFFERENTIAL CORRECTION

AND THE ORBIT PHASE IS IN PROGRESSt IN WHICH CASE AN

ORBIT DISPLAY TABLE IS DESIREDt 4) THE CAPSULE IS BELOW

450,000 FEET, IN WHICH CASE THE INTEGRATION OF TABLES

FOR NUMERICAL PARTIALS IS DESIRED. ON-LINE MESSAGES ARE

QUEUED TO PROVIDE AN EXTERNAL INDICATION OF THE PROGRAM

FLOW.

IF THE ACCUKULATOR IS NONZERO ON ENTRY TO MFDIFC,

THE CURRENT CORRECTION WAS REJECTED AND INTEGRATION IS

NOT DESIRABLE UNLESS A PREVIOUS SUCCESSFUL DIFFERENTIAL

CORRECTION HAS OCCURRED FOR THE CURRENT SET OF DATA. IN

THIS CASE, AN ORBIT DISPLAY TABLE HAS NOT YET BEEN GENER-

ATED FOR THE PREVIOUS PASS THROUGH DIFFERENTIAL CORREC-

TION TO SUCCESSFULLY PROVIDE A CORRECTED DEFINING VECTOR.

IF THE ACCUMULATOR CONTAINS A POSITIVE ZERO, DIFFERENTIAL

CORRECTION WAS ACCEPTED. HOWEVERe FURTHER CORRECTION WITH

THE CURRENT DATA IS NOT NECESSARY. IF THE ACCUMULATOR

CONTAINS A NEGATIVE ZERO, DIFFERENTIAL CORRECTION WAS

ACCEPTED AND ANOTHER DIFFERENTIAL CORRECTION USING THE

SANE DATA IS REQUESTED. IF THE ACCUMULATOR CONTAINS A

NEGATIVE ZERO AND IF THE P BIT CONTAINS ONE_ THE CAPSULE

IS BELOW 450,000 FEET AND THE INTEGRATION OF TABLES FOR

NUMERICAL PARTIALS IS DESIRED.
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USAGE

MFDIFC IS ENTERED FROM DODIFC OR MPDIFC AND EXITS TO

MOPRIO.

A) STORAGE REQUIRED - 147 LOCATIONS.

B) MFDIFC USES -

I} MACROS - QENBZ, QUEUEt TRNOF_ AND TRNON

29 PARAMETERS - MNBBNI, MNCPNI, MNDIFC, MNDIFK,

MNDIFM, MNGENI, MNGENZ, MNGEN3, MNLPBD,

MNMESS, MNOCAT, MNREST, AND MNWRRS

3} COMMUNICATION CELLS - MCDCRJ, MCDCCT,

MCDCIPt MCFORC, MCGTIMt MCHFSC_ MCNRRFt

MCSTNO_ MCTABT, MCTLST, AND MCZZCC

4_ TABLE6 - TDCLLT, TDCEF, TDRANV, TMDATAt

TMLAST, TMREST, TMSTMS, AND TNNDCI

5} CONSTANTS - KO0007, KO0008, AND KO0071

C) T-IME REQUIRED -

I) MINIMUM - 0.089 MILLISECOND

2] MAXIMUM - 0.436 MILLISECOND
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" ENTER

i HFOIFC •
!t111 ti1111111

: SAVE aC IntO:

• AZTM| *

VOL IXl REAL TIRE pROCESSORS PART 1I - ORBIT/REENTRY

WRITE RESTART
RECORD

.". :set a.2- o : -"- -
• COlD.Re SET RZSW NO_e •DOlX
• • • = TOO * * • •

-, : ............. : ""

• • AZ21

• YES *-.

IS AZtRI + * -_ C3_

• _o

BELOW 450K

FT.I]NTEGRATE

TABLES FOR

NUMERICAL

PART_LS

• AZSM = 0 • SET I_DCIP =_TO O
: .8 _NT0 :

AZTA8

ENBZ •

AZ2I

w

DIFFERENTIAL
CORRECTION eC3*o.X• TDRANV INtO

REJECTED • e • TDCDEF •

•. : .............

X

• SET AZ24 NOT:
• TO 0 •

• • AZIO

• * eND .-*.

• IS AZTNI - 0 •x AO •
• lOlD•

• * • e.e•

• _ES

• i: SET RCDCCT
NOT " tO O

DIFFERENT[AL 008INTO (AZPRT9_17)

CORRECTION
ACCEPTED MCSTNO INTO (AZPBT3_8)

AZ_O

... : .......... :
• * • TRNON G *
• C5 ._XeHNDIEC RNO_FR•
• • • MNOIER *

-.- : ............. :

AL_D

:SETAZ_2- tO:...i.10Lt.C0""

i ,
_. •NO

• I RC _"

• _E5

.,OTHER O
ON CURREN_ •• QUEUE MNMESS,

SET 0FOATA AZPRT
REQUESTED * •*

.m••* * **•**e***

• TS! AZ 2oA "

• * *•* •e*. * m.• • •

.

• ****** ••u* ****

: SET AZ12 NOT:
• - TOO *

• • • •

• TDRANV INTO _e...... ;..,

• tRREst :

• ••e •eel••oQ•

: c(Acp,z,2)z_. ..........
(AZTMZS,z,2)

•mele•ee•ee•le•

• X • AZ31

• " " .NO ";.......... "'; " ....
• • NOTE - • • •

Is NCNRRF " • ........ . ..... XeRETRO-ROCKETSe..*X 85 •
TO O • FIRED • IOIT*

• • •••eoeeeee••e•e

• " _ES

i
• ee•• ••e•o•aee•
• • e•**
• ORBIT NBR • • "
• INTO XRA XRAe.*.X AO •

INTO * lOlT*
• A(TDRANV*]3)* ee**

,_,o••....o.. .....

i
• * •e*

: TDRRNViNtO :...; CO:
TNLA_T * * *

o* ..... *° .......

i

** QUEUE HPOIFK *X DO_
• NCNRRF • •
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• .- : .... ;'_Z_'": SET_MESTEP=
• • • TDRANV•8 I •
cA0 •.X• INTO • ONE MINOTE (L = 1).

• • • TDRRVU+14 0 • SET NO. OF INTEGRATION

e•e •INTO TDRANV+9• STEPS PER OUTPUT =

eloo*QeII•e,•e• ONE(M =i) SET

INDICATOR TP.AT

TIME STEP ISIN

MINUTES.

• "" "" -NO :_T;_%::%;': ."*
• • (TRRNV+6) - * • :-MCGTIM INTO X A]:

MCGTIM GT ••.6 .......... XeTDRANV +JlO • "•', •
KTBACK •

• • TDI_,NV ÷ _ = t_ = _tltlttitl•tle _ •••

• _ES ANCHOR PT. TIME.

•. MCGT[M = t i = TIME

OF INSERTION - 3 MIN.

i

: : KTBACK=_B

CONSTANT• KTSRCK INTO •
• TDRRNV_IO • TI]_E TO INTEG

_••eQ emeee•••_ BACK

AZ50 . • • AZSL

_••• • • • •NO• ••••'•••••••••••••

• CO * IS MCTRBT • • ............ X • QUEUE MNCPNI,

• • • TO 0 • AZTRS •

• • ••*••••••••••••••

• _ES

• QUEUE mNGENI, • .......

• RZTRB

REINIT[ALIZE
TO ORSll MODE

INTEGRATE
ORSIT DISPLAY

OR REENTRY
TABLE•

A/S2 X RZ60
lllllllllllllol

TDRANV + MNBBNI _ _**••

[NTO(AZTAB21_35) •..*X RO •

0 INTO (AZTAB3__) : I_ •

• A3•..X• TORANVell 0 • _ CONSTANT
• * •INTO TDRANV #e

• • 16 TIME TO INTG

• 0 INTO TDRANV•
• +IT 0 INTO •

TORANV ÷18 •

Q • Q

• • RZ3I

eYES "••

• IS XR4 GT •.. ...... •BS•..X• 8 INTO •
819Z • .• • • D{RZTAS) •

• ;o

: XR4IMT0 :
• AIRZPR$D •

• QUEUE NNNESSe •
AZPR3

• *•*Q.•••••*• *

:X .... ; ....... ; .... '

AZ32 • • AZ60

OIS eYES •••-
• • AZ_M " TO " *_I019*AO*•

.......... X- COl

RZSO

AZS0

NOTE REENTRYe...X CO•

• TABLE NEEDED• • •

: ............. : ---

ORSIT PH&SE
AND MORE O C

TO FOLLOW

ONE OR MORE

CORRECTIONS

ACCEPTEBWITH

THESE OBSERVA-

TIONSAND THE

FINAL D.C.

COMPLETED
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AZIO

:A0"..x: SET_CDCIP
TO 0 _:

+'°" : .... . ... :• #+11 • •

VOL Eli REAL TIME PROCESSORS PART II - ORBIT/REENTRY

°.°+o**.o...°°. O0*OOOO°°H*°H

.". : : .'". .". :SET Azz2 ° TO:
mC0o.oXe TRNON fie °.o.X U2" +D0o°.X • 0 _ET AZSW• • • MNLPBD ° ° ° • o • NO = TO 0

m° _HtOHtoleiII: m.. °• °°HH.•OOO...O

CLEARS O C IN
PROCESS

INDICATOR

PLOTBOARD
DISPLAY OR
RESIDUALS

DESIRED

• * AI30

• °YES I.i*

[S MCNRRF = " e_ C5 w°

TO 0 IOL6-
• • H..

_o

• •YES

• IS RCZZCC - • .......
TO O

• • °NO ell
I O

• IS MCODRJ - •X BS_
TO 0 • • •

• _ES

REJECTION DUE

TO ABSENCE OF
R AND V

VECTORS IN

TABLE

........... o ....

Azti

:SEE RDZZDCTO:
• NOT " 0 •

SUPPRESS

UNTIL PRINT

IS COMPLEIFD

All6

• "°• * TRNON G, :
• DZ*..X* MNDIFC,
• o • MNDIFK,

• • • MNOIFM •
°°°•.•..+...••,

REJECTED VIA
OOOIFC

AE60

• 1o :•*'+
l I QUEUE MNMESS, mR AO •

• KOOO?l • lOl9-
• • 1•°•

IIIiiiiiiiiiiii

O C REJECTED

PRINT

AZ60

• •1,..•..•.*..., ..•°

• QUEUE MNMESS+ "•_ AO ••

.. A_PR, .. _.
.•HHH.••.°.•

.--. i ....
• B$•o.X• REJECTE0 VIA•

i MCSTNO INTO • • PREFIX •(AZPRT3_ 8)
Q

i+•°o••*•°iieme •• _ioi..Io•lai•o•

AZ60

:.••OH•O°H•*: H•+

BUILD ERROR _ SET MCDCRJ "_..._ AOt

PRINT WORD TO 0 • 1019°

: ............. : ....

i TRNOFC i

• RNGEN2 MNO_N3e

:. ........... . :

X

• eYES

t IS AlL2 • TO I..,. ..................
• 0 •

"':+°i ....:'2;:

a113

AT LEA T ONE •
_RRE_TION •

FOR CURRENT
SET OF 0B5

• • AZL6

• " " .VES ..... "'""'"':"i+;'i_+;;"; -.-
• • • • ° • TORANV INTO • • •

IS T PRNT - •X 02° •C9°..X• TMREST, •...X DOe
VO 0 • • • t • • TDRANV INTO • • •

• • • °t+ +° • 3_C • 1•1
I IIIIIIIIIIIIIII

• _0 e°ee•

.......... X• CO•

+1°
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AZ6D
_AO'..X _ TRNOF C, -

• * * MNREST *

°-- _....o,oo.o,._

VOL Ill REAL TIME PROCESSORS PART [I - ORBIT/REENTRY

: ENTER :
• AZ2

• " .YES

" _o

:SET AZ_2 = TO:

SET AZSW NOT-
= TO O -

• TRNON B.
MNLPHO

REINITIALIZE

INDICATES

LAST D C WITH

THESE OBS

INTEG BEG

• t •

:A'_:..X:SETAZ2o,..TO:
il••w • e•_o•e._ •

: SET MCFORC -:.oo_ A4:

t TO O " • •
: MCTLST ]NID :

• IMREST •

TIME OF LAST
DES USED IN O

c

• TRNDF D, •
MNOCAT TRNOF!

_RNOF A. !i A MN_IFC

TORANV THRUTDRANV•

MNBBNI

SAVE BEST
VECTOR

_m

• TRNOF A •
*MNOIFM, TR_IOF*
• E. MNOIFM •

l .......... :

• INTO TMREST_I"
• THRU TMREST+•
• MNBBNI¢I •

: EXIT :

• IRA MOPRIO
_MCHFSC/2 INIO_

• TMREST÷Z6 •
REAL TIME

• QUEUE MNWRRS * .......
KOOOPI

WRITE

CONTENTS OF

TMREST ON

RESTART TAPE

R

: EXIT :

• TRA le4 •
•.oiiitllm•oal•
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50_ DIPCDC - PARTIAL COBFFICIENT CALCULATION

DIPCDG COMPUTES THE PARTIAL COEFFICIENTS FOR THE

EQUATI.ONS OF CONDITION THAT ARISE FROM ONE OBSERVATION.

{BEE FLOWCHART.)

LNPUT

DIPCDC USES FIVE LIBRARY SUBROUTINES -

A) UISQRT _ SQUARE ROOT

BJ U3DOTP _ VECTOR DOT PRODUCT

C) U3MATN - NATRIX MULITPLICATION

D) U3XPRO - VECTOR CROSS PRODUCT

B) UISICO - SINE/COSINE

THE FOtLOWING PARAMETERS SERVE AS INPUT TO THE DIPCDC

PROGRAM.

KRAVCI_

KRAVC2 0 r a
DRAVC3J

KVAVCI_ --

KVAVC2_ va

KVAVC3J

KRVECX"_

KRVEC¥_ r""c
KRVECZJ

KMATRX M MATRIX

KASUBO a0
2

KKMESQ 1 -e 0

KNSUBO nO

KRVEC3 COS i0

K¥SUBO T
a

(ANCHOR POINT r VECTOR)

{ANCHOR POINT v VECTOR)

{r VECTOR COMPUTED)

(3 X 3t 9 LOCATIONS)

SEMIMAJOR AXIS

I- ECCENTRICITY SQUARED
-3/2

a 0

i 0 _. INCLINATION

ANCHOR POINT TIME (FLOATING-

POINT, GEMINI UNITS)
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KTSUBI

KRABSE

AAA

HHH

ROW

JAAA

ti TIME OBSERVED IFLOATING-

POINT, GEMINI UNITS)

ABSOLUTE VALUE OFr

AZIMUTH {KOODAC)

E ELEVATION (KOOODEC)

R RANGE [KOODRC)

J=.00162348 CONSTANT

r
a

A

OUTPUT

THE FOLLOWING DATA IS OUTPUT BY THE 01PCDC PROGRAM -

TDEQCT 18_PARTI.ALS FOR DIFFERENTIAL CORRECTION

METHOD

THE FOLLOWING EQUATIONS {FROM THE COMPUTATION OF OR-

BIIS BY DR& P2 HERGET) ARE USED WITH THE DIPCDC PROGRAM -

(_o x va
:f=

Va)X

(_ v) (; -'Va)(ro -'ra)2 -"
r

a a

g (r a x Va). (_a x Va)

F=r (1-I)
a

G _._

¢_ (r v)
r

a

(1)

(2)

(3)

(4)

T = t i - t o (5)
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L= (3T -g-Gra) / r.1

P3 = (a/ra) (GL- 2F)

P2= [(F/ri) G] /r 0

(6)

(7)

PI= t [(Gra) /ri] G+P3+F I

--4

P = (Pl' P2' P3 )

q3 =a(3g - 3T + FL)

q2 = F2/ri

ql = q3/r03 + P2

-.4

q = (ql' q2' q3 )

/r 3
a

(s)

(9)

7o o o )
where Y : v 0 r0

0 0 v 0

( oo oo)dr= Of 00g0

00f00g

Cos E Sin A,

 AD=(
\-SinE SinA

R

; a (3 x 6 matrix)
o = (o,o, o)

+

T

r a + df
--4

v 0 dg

Cos E Cos A,

-SinA

R

- Sin E Cos A

R

Sin E

0

Cos E
R

)

(10)

(11)
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S

I COS_ SinG 0 )oos 0 01

Caloulate A (dr)

B

(12)

(13)

(14)

(15)

USAGE

A)

B}

C)

D)

E}

CALLING SEQUENCE -

TSX DIPCDC,4

ERROR IN UISICO

NORMAL RETURN

STORAGE REQUIRED -

292 LOCATIONS

+ lO0 TEMPORARY LOCATIONS

÷ 22 K LOCATIONS

÷ [8 LOCATION TABLE

(T -T ) IN FLOATING-POINT, GEMINI
1 a

UNITS.

KO01.O DEC 1.0

KO02.0 DEC 2.0

KO03.O DEC 3.0

PLUS THE CONSTANTS USED IN INPUT AND OUTPUT.

TIMING - 141.3 MILLISECONDS

CHECKOUT - CHECKS C_ Tt_IS PROGRAM WERE MADE TO

+ SUBROUTINE

CONSTANTS -

KTIMTO PZE
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E|GHT DECIMAL PLACES. AECURACY WAS EXACT EXCEPT

IN A FEW INSTANCES WHERE THE VALUE WAS OFF IN

THE EIGHTH PLACE, PROBABLY DUE TO ROUNDING.
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• •e••e••ee•••ee to•• •SOLVE EQ. 13 •

ENTER _ eC0e..Xe FOR X. AND

* . • e SET U_ NO.

:.............: :.............:
• FIND VALUE OF*

eEQI _ SOLVE EQ. •• A"?TSTORe: FORA _s:
:.............: ..............:

:FIND VALUE OF:
• SOLVE EQ. 2 *

AND 3 FOR F _ * A(dr) FROM •A.OC : NO _6 :

:SOLVE _Q4 FOR: : EX|T :

X

e•eeee*eeet•eme

: SOLVeEQS :
:*.06FOR* :

AND T

: ............ :

• !SOLVE EQ. 7
FOR L

:SOLVEEQ.S :
:FOR P3' P2' PI :

• AND _ *

: SOLVE EQ. 9 :

:FORq3q2 q_
• ANDq •
tetoeeeeteeooee

: SOLVE EQ* lOe

: Fo__ A._ d_ :
**eoeeeooe•eee*

**e•eo•_oee•eeo

: SOLV EQ 11 : ••*'*
• AND 1_ FOR dr •...X CO*

• AN* RAOAR • • •
• NATR|X (RADIO *co
• ee _ elee*ooeoe
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51, D2CSFE - CALCULATE STANDARD ERROR FIT

D2CSFE COMPUTES THE STANDARD ERROR OF FIT AND

ELEMENTS, ISEE FLOWCHART.)

INPUT

D2CSFE USES THE SQUARE ROOT LIBRARY SUBROUTINE

UISQRT_

SYMBOLIC

LOCATIONS

A) KOOOON

B) KOSUMM

C) KDFSQU

D} TEMD2

E)

DEFINITIONS

NUMBER OF COEFFICIENTS(n)

NUMBER OF EQUATIONS OF CONDITION

m 2
E (dF i)

i=1

BLOCK OF TEMPORARY STORAGE GENERATED BY

D2SLNE AND D2CSFE CONTAINING m

aij AND B.. -I Y (dF)i
ij

(DIAGONAL ELEMENTS OF THE INVERSE

MATRIX).

TLSSSE, TLSSSE ÷ (N-I) - (n) COEFFICIENTS.

OUTPUT

TLSSSE, TLSSSE + 2N - (n) COEFFICIENTS IMMEDIATELY

FOLLOWED BY STANDARD ERROR OF FIT AND STANDARD ERROR OF

ELEMENTS.

METHOD

= E - E X. (dF)i a
e (m- n) i= 1 j = 1 J 1
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SOLVING THE ABOVE EQUATION FOR THE FITt 5(_j

BY - T---
D I

S = S VB.
x. e J]

J

IS OBTAINED

-1
WHERE B.. IS THE TERM OF THE PRINCIPAL DIAGONAL OF THE

JJ
INVERSE. OF THE MATRIX REPRESENTING THE NORMAL EQUATIONS.

USAGE

A) CALLING SEQUENCE -

TSX D2CSFE_4

ERROR RETURN (ERROR IN UISQRT)

NORMAL

B) SPACE REQUIR6D - 54 LOCATIONS

C| ERROR CODES - ALPHA + I ERROR IN UISQRT.

D} SPECIAL USAGE - D2SUNE AND D2SLNE MUST BE

EXECUTED PRIOR TO D2CSFE TO COMPUTE STANDARD

ERROR.

E_ CONSTANTS USED -

KOLERO DEC 0

KO0001 DEC 1

KCH233 OCT 233000000000

F} ERASABLE LOCATIONS - TEMD2, TEMD2 _ 20 N(2N+I)

+ 2 IS INPUT, ERASABLE AFTER COMPLETION OF

D2CSFE.

G} TIMING - 14.928 MSEC FOR SIX UNKNOWNS.

H) CHECKOUT - C2CSFE WAS CHECKED OUT USING OUTPUT

FROM D2SUNE AND D2SLNE AND HAND COMPUTING THE Se

AND S ..
ej

1027



VOL Ill REAL TIRE PROCESSORS pART lI - ORBIT/REENTRY

I,,e+lleil,e,l,

ENTER
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• * *

•- : ............. :

02C1 • e D2C2

• • ••e

e• • XS XRI • YeES • 6•
_SSeeX • CIKOOOON) GT eX A •

ot * (J _ N) • * ll. !

_o
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eeteeeeeeee•eleo e • • • • •io

• • _ES
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52. D2SLNE - SOLVE NORMAL EQUATIONS

D2SLNE SOLVES M NORMAL EQUATIONS AND OBTAINS DIAG-

ONALS OF THE INVERSE MATRIX. D2SLNE MUST BE USED AFTER

GONALS OF THE INVERSE MATRIX. D2SLNE MUST BE USED AFTER

D2SUNE WHICH SETS UP THE NORMAL EQUATIONS.. D2CSFE THEN

CONPUTES THE STANDARD ERROR OF FIT AND ELEMENTS. (SEE

FLOWCHARTS_)

INPUT

THE FOLLOWING PARAMETERS SERVE AS INPUT TO THE

D2SLNE PROGRAM -

VALUES

N = NUMBER OF UNKNOWNS

M = NUMBER OF EQUATIONS

SYMBOLIC LOCATION

D(TEMD2 + 1)

A(TEMD2 + [ )

NORMAL EQUATIONS MATRIX IS STORED BY ROWS BEGINNING

IN TEMD2 + 20.

THE SIZE OF TEMD2 IS DEPENDENT UPON THE SIZE OF N,

WHICH CANNOT BE GREATER THAN TO. (REFER TO WRITE-UP

OF D2SUNE FOR FORMAT OF TEMD2).

OUTPUT

THE FOLLOWING ITEMS ARE OUTPUT FROM THE D2SLNE

PROGRAM -

A) AX 1,AX2...,Ax n - STORED CONSECUTIVELY BEGINNING

IN TLSSSE.

B) Bii - TERMS ON THE PRINCIPAL DIAGONAL OF THE

INVERSE OF THE MATRIX (B) (TO BE USED LATER

IN D2CSFE).
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METHOD

THE NORMAL EQUATIONS ARE SOLVED BY MEANS OF ELIM-

INATION, THE DIAGONALS OF THE INVERSE MATRIX ARE THEN

COMPUTED. THIS PROGRAM MUST BE RUN WITH D2SUNE AND

D2CSFE.

USAGE

A) CALLING SEQUENCE -

TSX D2SLNEt4

PZE TLSSE

ERROR RETURN (RESULT OF ZERO IN PIVOT

ELEMENT)

NORMAL RETURN

B) STORAGE REQUIRED -

135 LOCATIONS (MAIN PROGRAM)

156 LOCATIONS (MAIN PROGRAMt K LOCi TLSSE)

TOTAL = 156 ÷ TEMD2 ÷ 20 ÷ N[2N + 1) + I (NON-

ERASABLE) WHERE N IS THE NUMBER OF EQUATIONS.

C) ERROR CODE - AN ERROR WILL RESULT IF THERE IS A

ZERO IN THE PIVOT ELEMENT.

D) CONSTANTS USED -

KOZERO DEC Ot

KOO001 DEC 1

KDO00I PZE O_OtI

KDO002 PZE 010_2

E) COMMON LOCATIONS - [TEND2 • 20 ÷ N(2N + 1} ÷ 1]

NONERASABLE STORAGE.

F) CHECKOUT - D2SLNE WAS CHECKED OUT WITH DZSUNE

BY COMPARING RESULTS WITH THOSE OF LSQ2 (SEE

SHARE LIBRARY).
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*moll • a.*li**li

: enter :
• PROM D2SUNE •

• e*e,.ll I,oe,m.,,
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(N=NUt_BER OF UN_0k_S)

INTL[

• * • INITIALIZE •
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B
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• .- : ............. :
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• A wll •• a•• •* ••• •

: ADON TO Dec:

i TSRO2el ANO •
STORE IN BIg:

IP • I•t• •*! loo •.•

B16

* STORE IN "

: T÷IO÷NI2N_L)•
TAGGED XBl •

: STOREIN :
• TENOZ_5 •

• • * •NO

IS XR2 GT DEC • ....... x

(2Nee) *

• ;ES

. . • • BIO
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J2

.o. : ............. :
_eOeooX_ STORE XR| |N_
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GENERAL FLCW
CHJRT

i E'TER !
FKOM D2SUNE

ottott.i_,m,._e

• LOCATIONS TOI

• BE USED IN •

: THIS :
SUBROUIINE

Im•Ji.tHt,tHi

DIAGONALIZE !
MATRIX

THESE ARE T_E
DIAGCNALS GF

THE INVERSE

OF ThE MATRIX

• COMP. B..-1 •
._ AND J| "
w

• STORE IN

• TE M.D2 •

• RESTORE X 1 "

THRU X N

•

! EX,T !
TO D2CSFE
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Q

53, D2SSMI - STATION SUM OF SQUARES OVER M

Z(dF)2
D2SSMT COMPUTES FOR EACH STATION

NO. OF EQUATION
LN A DIFFERENTIAL CORRECTION INTERVAL AND SETS THE RE-

SULTS IN TABULAR FORM. (SEE FLOWCHART.)

I.NPUT

THE FOLLOWING DATA SERVES AS INPUT TO THE D2SSMT

PROGRAM -

SYMBOLIC LOCATION

KTDTLM

KTDFSQ

KD2CNT

DEFINITION

NUMBER OF EQUATIONS OF CON-

DITION (IN FIXED-POINT}.

_(dF) 2, SUM OF THE SQUARE OF

THE RIGHTHAND SIDES TO THE

EQUATIONS OF CONDITION (IN

FLOATING-POINT).

ZERO FOR EACH SERIES OF STA-

TIONS PROCESSED. NONZERO

AFTER INITIALIZATION FOR THE

SERIES HAS TAKEN PLACE.

OUTPUT

TO2SSM TABLE CONTAINING Z(dF)2- FOR

EACH REPORTING STATION IN

THE ORDER THAT THE STATIONS

WERE PROCESSED FOR THE OVER-

ALL DIFFERENTIAL CORRECTION

(IN FLOATING-POINT).

METHOD

ZdF2 AND ZM FOR INDIVIDUAL STATIONS ARE OBTAINED
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_S FOLLOWS -

( ZdF2)s - ( _dF2)s-1 = ( ZdF2)I STATION*

Z (dF) 2
THIS PROGRAM IS ENTERED AND m IS COMPUTED AND

STORED IN ITS PLACE IN TD2SSM AFTER EACH STATION IN THE

INTERVAL HAS BEEN PROCESSED.

USAGE

A) CALLING SEQUENCE -

TSX D2SSMT,4

NORMAL RETURN

B) SPACE REQUIRED - 3[ LOCATIONS.

C} CONSTANTS USED -

KOZERO = 0

KO000I _ 1

KCH233 = 2330000000000 OCTAL

TD2SSM BSS IT

D) TIMING - FIRST STATION REQUIRES 1,02 MILLISEC-

ONDS AND .7B MILLISECONDS EACH TIME THEREAFTER.

E) CHECKOUT - THE PROGRAM WAS ENTERED FIVE TIMES_
dF-

EACH TIME STORING IN ITS APPROPRIATE LOCA-
m

TION. RESULTS SHOWED CORRECT ANSWERS.
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START •

•***••**mmmaIe•

SAVE XRL •

: ............. :

• • D2SS

• " * *NO ** ";*.... ****'***; "
TEST FIRST • • • • LOAO XRL TO •

TIME. EQUAL • ........ •CZ•.*Xe OET PROPER •
KOZCNT • • • • TABLE LOCo •

• el • FOR STORING •
• • •eoegeeloleteem

_es

: MARERO2C.T: : FLOR_ :
• NOT - 0 : _ M s :

*****. x ****** ;c: ..... '_...... 9"
:ZERO INTO : : ZdF8 - _dFs_l
• Ms_ I

: df : : ZM. -_,_,

•ass
_eeeeoe•oeoo••o ••••eleeee•ee•m

: .... :
*o INTO TOZSSM:,.._ CZ: • STORE IN *

: BLOCK * • • TO2SSM, I •.............. : --- : ............. :

NCR. XR1 _O*

[NCR. S_ORE •
T 2SSM•

• LOC.

i
*•*••••ee•ieom*

: RESTORE XRI :

: ............. :

.e•p••.•• ••º•ee

• EXIT

oee •u ll..Q* •
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54. D2SUNE - SET UP NORMAL EQUATICNS

D2SUNE OBTAINS NORMAL EQUATIONS FROM A GROUP OF M

EQUATICNS IN N UNKNOWNS. (SEE FLOWCHART)

INPUT

SYMBCLIC LOCATIONS

TAWTPC

TPWTDF

C(KOOMCT)

C(KCOOON)

DEFINITICNS

= CORE LOCATION OF INDEPENDENT

VARIABLE MATRIX.

= CORE LOCATION OF FIRST OF M

VALUES CF THE DEPENDENT

VARIABLE.

= NUMBER OF EQUATIONS.

: NUMBER OF UNKNOWN COEFFICIENTS

THE ABCVE INPUTS ARE SET IN THE CALLING SEQUENCE

(CODIFC).

KC2SUT INDICATOR SET BY CONTROL PRO-

GRAM TO AVOID REPEATED IN-

ITIALIZATION OF CELLS DEPEN-

DENT UPCN N (NUMBER OF UN-

KNCWNS).

NONZERO - INITIALIZATION

ZERO - SKIP INITIALIZATION

CUTPLT

A}

B)

KOSUMM - TOTAL NUMBER OF _UATIONS ADDED TO

NCR_AL ECUATICNS BLOCK IHUS FAR.

NORMAL EQUATIONS BLOCK SET UP TO BE SOLVED BY

C2SLNE STARTING AT LOCATION TEND2 + ?0.
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TEMD2+20

_(ail) 2

TEMD2+20+I TEMD2+20+(n-1) TEMD2+20+n

_ail ai2 " " " _ail ain _ail Pi

_(ai2 }2 " • "_(ai2 ain) _ai2 Pi

TEMD2+20+n(2n+ 1)-2 TEMD2+20+n(2n+I)-I

Z_(ain )2 _ain Pi

The normal equations are stored by rows beginning with the first row in
TEMD2 + 20. Each of the following rows is stored in n locations following a
floating-point one in locations TEMD2 + 20 + n + 1, TEMD2 + 20 + n + 1+ 2n+ 2•.
TEMD2 + 20 + 20 + n(2n + 1)

Me thod

Using the fundamental equations

allXl+ a12x2+ " " "+ alnXn=Pl

a21xl+ a22x2+ " " "+ a2nXn=P2

amlX 1+ am2X 2+ . . •+ amnXn=Pm

where a = independent variables (partial coefficients}

p = dependent variables

m> n,
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WHERE a=INDEPENDENT VARIABLES

P=DEPENCENT VARIABLES

m GREATER THAN n.

(PARTIAL COEFFICIENTS}

TEMD2
+1

+2

+3

+4

+5
+6
+7

+8
+9

+i0

+ii

+12

+19"

+20**

+21

+22

+23

+24

+25
+26
+27
+28
+29

+30

+31

_m

Decrement n
Address m
Decrement n + 1
Address m + 1
Decrement 2n + 1

Address n(2n + 1)+ 1
n

Address TEMD2+20 + n(2n + 1)+1

Decrement m(n + 1)
Address p

all Pi

ai2 Pi

ai3 Pi

+

ain Pi

(all)2

all ai2

all ai3

all ai4

all Pi

1.0

2
(ai2)

ai2 ai3
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TEMD2
+32

+33

+34

+35
+36
+37
+38
+39

+40

+41

+42

+43
+44
+45
+46
+47
+48
+49

+50

+51

+52
+53
+54
+55

+56

_ai2 ai4

_ai2 Pi

1.0

_(ai3)2

_ai3 ai4

_ai3 Pi

1.0

T(ai4)2

_ai4 Pi

1.0

rpi 2

*NCTE - MAXIMUM n = TO, CAN BE CHANGED BY MAKING

T + 20 = T + I0 + n.

w,FOR CLARITY IN ILLUSTRATION OF STORAGE ASSUME N =4°
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SINCE THE ABOVE MATRIX IS SYMMETRIC, ONLY THE

DIAGENALS AND INFORMATION GIVEN ABOVE NEED BE STORED IN

THE NORMAL E_UATICNS BLOCK,

SETTING THE ECUATIONS IN MATRIX FORM -

all ai2 ... ain \

a21 a22 -.. a2n

• jaml am2 •.. am

/xl \

x 2

 m2/ \L/

OR

OR

[At {X} = {P}.
MULTIPLYING BCTH SIDES OF THE ABOVE EQUATION BY THE

TRANSPCSE_

[ A T ] CF [ A] , THE FOLLOWING EQUATION IS OBTAINED -

[ AT] [ A] {X} = [ AT] {p_

[B] {X} = [C]
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WRITTEN AS -

(all)2 allal2 .-- E ailain
i=l i=l i=l

m m m

i=l al_.all i=l i=l

/

m In m

z z_ i=1 ainail aLnai2 "'" (ain)2"= i=l

x I

x 2

x
11

In

E ailP i
i=l

m

= E al2Pi
i=l

m

E ainPi'
i=l

USAGE

A) CALLING SEQUENCE -

TSX 02SUNE,4

TAWTPC,O_ TPWTDT

C(KOOMCT), O, C(KCCOON)

NORMAL RETURN

B) SPACE REQUIRED - 126 LOCATIONS.

C) SPECIAL USAGE - D2SUNE MUST BE USED TO SET UP

NORMAL EQUATIONS FOR SOLUTION USING D2SUNE.

D) CONSTANTS USED -

KOZERG PZE

KOCO01 DEC I

KDCO01 PZE 0,0,I

KO01.O DEC I.

KD2SUT PZE

KOSUMM SUN TDCCNT÷II

KDFSQU SYN TDCCNT÷I3
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E) ERASABLELOCATIONS -

TEMD2_ TEMD2 ÷ 20 ÷ NI2N + I}

THIS TEMPORARY STORAGE CONTAINS THE MAJOR OUTPUT

OF THE PROGRAM (NORMAL EQUATIONS). IT MUST 6E

MAINTAINE_ UNTIL SOLUTION UY D2SLNE IS COMPLETED

AND IF OESIRED, THE STANDARD ERROR {iF FIT AND

ELEMENTS HAS BEEN COMPUTED BY D2CSFE.

F) CHECKOUT - D2SUNE WAS CHECKED OUT WITH D2SLNE hY

COMPARING RESULTS FROM LSQ2. (SEE SHARE LIBRARY}
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e*e*ee**lll*le*

• ENTER

. *
HO*eH*O=*****

_ee***Q*ei****_

. SAVE XRS =

_itilllltletlti

e

HTEST • •*

• •YES • eYES
• • • •

IS KD_SUT • 0 • ............ X IS M " • .......................
• P_EVIOUS N •

• _c " _o

MCHG

SET KD2SUT =e *B)**.X_ GET H

_o•*•••e•,e*••_

_ETp GET.

INIT. + M SKIPP

• ! _IN+I) Z _ • _M + M =

• A•M|N+ l) 3 • ................. X* _M(NEW) •

INIT•N

.q••laI•ie•e*g_

i l N*I A DR+
DECR 3

* NIZN+I)+I t
He*lee•*•***•*

• [ AI (AT| = [AT ]

_{ P } STOKED AS

• MATRIX BY ROWS

[ GET 1ROW|

_ TEMD2+ZO*N_

• (2N+I)_I •

*L.O INTO FOLG*
• EACH ROW n •
• LOC FRDH •
• START OF R()W•

MC_G
•*•*ele*•e,H*l

STZ IhTC N Ee...X B3•

AS-I

_ PI ItJ INTO T + I0

_ AFTER EACH ROW
• IS COMPUTED

AT

eCITEND2) INTO*

KOSUMR C •

(TEND2+20 •
*NI2NeII) IN*

KOFSQU •

X
**oeeoeeeeamoe•

• RESTORE XR • ............... X_ EXIT

• l_2oA • • RETURN



VOL II[ REAL TIME PROCESSORS PART II - ORBIT/REENTRY

55. D2WEQT - WEIGHTING THE EQUATIONS OF CONDITION

D2WEQT WEIGHTS PARTIAL COEFFICIENTS_ COMPUTES AND

WE{GHTS THE RIGHT SIDES OF THE EQUATIONS OF CONDITION,

AND TESTS RESIDUALS BY COMPARISON WITH SOME CHECK FACTOR

TIMES THE STANDARD ERROR. (SEE FLOWCHART..)

INPUT

THE D2WEQT PROGRAM USES THE SINE/COSINE LIBRARY SUB-

ROUTINE UISICO. THE FOLLOWING PARAMETERS SERVE AS INPUT

TO D2WEQT -

A} KDCSTT- SET = I TO INITIALIZE ON FIRST ENTRANCE.

B) KRESID= -0 WEIGHT PARTIALS AND RIGHT SIDES

÷0 PERFORM RESIDUAL CHECK AND WEIGHT

PARTIALS AND RIGHT SIDES.

÷I COMPUTE AND WEIGHT (cLr), PERFORM W

(dO CHECK

+2 WEIGHT PARTIALS ACCORDING TO RESULTS

OF W(d_ CHECK.

C) KOOOON- NUMBER OF COEFFICIENT (FIXED-POINT).

D) _OSWTR- SQUARE ROOT OF STATION WEIGHT FOR RANGE.

E) KOSWTA- SQUARE ROOT OF STATION WEIGHT FOR AZI-

MUTH.

F) KOSWTE- SQUARE ROOT OF STATION WEIGHT FOR ELE-

VATION.

G) KSEMPY- STANDARD ERROR MULTIPLIED BY RESIDUAL

CHECK FACTOR.

H) KOOROB- OBSERVED RANGE.

I) KOOAOB- OBSERVED AZIMUTH.

J) KOOEOB- OBSERVED ELEVATION.

K) KOODRC- COMPUTED RANGE.

1045



VOL III REAL TIME PROCESSORS PART I/ - ORBIT/REENTRY

L)

M)

N)

O)

P)

QJ

R)

S)

T)

KOODAC- COMPUTED AZIMUTH.

KOOOEC- COMPUTED ELEVATION.

KOOOMB- MAXIMUM NUMBER OF EQUATIONS THAT CAN GO

TO NORMAL EQUATIONS BLOCK NOT INCLUDING TWO EX-

TRA LOCATIONS FOR OVERFLOW.

TDEQCT- TABLE WITH THREE SETS OF PARTIAL COEF-

FICIENTS CORRESPONDING TO R_ Av AND E RESPEC-

TIVELY.

TLSSSE- SOLUTION OF NORMAL EQUATIONS OBTAINED

FROM PREVIOUS DIFFERENTIAL CORRECTION.

KRETBL- LOCATION USED IN SETTING UP INTERMEDIATE

TMORES TABLE WITH W (d_. USED ONLY WHEN

KRESID = -0 OR ÷I.

KINSDF- =0, DO NOT PERFORM ANY CHECKS OR WEIGHT

PARTIALS. ONLY COMPUTE EW(cLf)2, EM

NOT = 0 - PERFORM NORMAL CALCULATIONS.

KTOTLM- TOTAL NUMBER OF EQUATIONS. ONLY WHEN

KRESID = -0 OR ÷I.

KTDFSQ-ZW(d_ 2.

OUTPUT

THE FBLLOWING PARAMETERS ARE THE OUTPUT FROM D2WEQT-

A) KOOMCT - NUMBER OF EQUATIONS TO BE USED IN

D2SUNE (SETTING UP NORMAL EQUATIONS).

B) KSUMWT - SUM OF THE WEIGHTS THAT WERE ACCEPTED.

C) TPWTDF - BLOCE CONTAINING WEIGHTED (d_, NUMBER

IN THE BLOCK = cIKOOMCT).

D) TAWTPC - BLOCK CONTAINING WEIGHTED PARTIALSt

NUMBER IN THE BLOCK= c(KOOMCT) [c(KOOOON)].

E) KTOTLM - TOTAL NUMBER OF EQUATIONS OF CONDITION.

F) KTDFSQ -EW(d_ 2 FOR ALL OBSERVATIONS_ EVEN

THOSE NOT SELECTED FOR INTERVAL.
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METHOD

A)

WHERE

KRESID = I GO TO {D).

TEST Rob, Aob_ AND Eob AS MEANINGFUL DATA

÷O .... 0 I INDICATES ERRONEOUS DATA

B) wvr_-l|Rob - Re) = Wr (dr)

W_F_2 {COS Ec) (Aob - Ac) = Wa(dF)

v_3 (Eob - Eel = We(dF )

KRESID =÷O GO TO (C)

KRESID =-0 GO TO (D)

W (dF) CHECK

Wr (dF) - KSEMPY (ALSO FOR Wa(dF), We(dF))

IF GREATER, INDICATE BY +l IN DWDF TEST LOCA-

TION AND REJECT DATA

EXIT FROM ROUTINE FOR W (dF) CHECK

ALPHA + I - ALL DATA REJECTED

ALPHA ÷ 2 - AT LEAST ONE W(DF) PASSED THE TEST

C) RESIDUAL TEST- {RESIDUALS- KSEMPY)

IF RI=J-WI_ |A X)-dF]l1 KSEMPY, R2 AND R3 AS

ABOVE, DATA IS ACCEPTED.

D}

E)

a =PARTIALS X =CORRECTIONS
I I

WEIGHT AND STORE PARTIALS - IF ANY TESTS HAVE

BEEN MADE, PARTIALS ARE REJECTED ACCORDING TO

RESULTS OF TESTS.

EXIT FROM THE ROUTINE IS MADE AS FOLLOWS (EXCEPT

WHEN W(cLf) CHECK WAS MADE, AS SHOWN BEFORE) -

ALPHA + I INDICATES THAI MORE WEIGHTED EQUATIONS

CAN BE STORED BEFORE ADDING CDNTRIBUTIONS TO

NORMAL EQUATIONS_ THEREFORE, AT THIS POINT MORE

PARTIALS SHOULD BE COMPUTED.

ALPHA ÷ 2 INDICATES THAT BLOCKS STORING WEIGHTED
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F)

G)

H)

EQUATIONS ARE FILLED, THEREFORE, GOT TO SET UP

NORMAL EQUATLONS.

IF ENTRANCE WAS MADE ON TSX D2WEQT + l, LOCA-

TIONS ARE SET AS IF RETURN HAD BEEN MADE TO SET

UP NORMAL EQUATIONS. RETURN IS AT ALPHA ÷ 1.

NO COMPUTATION IS PERFORMED.

IF KINSDF=O, ONLY ZW(d_ 2 AND _M ARE CALCU-

LATED AND STORED IN KTDFSQ AND KTOTLM RESPEC-

TIVELY. RETURN IS MADE TO ALPHA * I (ONLY ONE

RETURN).

WHEN KRESID= -0 (WHEN NO RESIDUAL CHECKS ARE

MADE), KRETBL IS USED IN INCREMENTING LOCATIONS

OF TMORES TABLE TO SET UP AN INTERMEDIATE TABLE

OF W(df) FOR ALL SELECTED OBSERVATIONS.

USAGE

A) CALLING SEQUENCE -

TSX D2WEQT_ 4 IF PERFORMING W(d_

CHECK RETURNS IN

CALLING SEQUENCE INDI-

CATE -

RETURN FOR PARTIALS GET ANOTHER OBSERVATION

SET UP NORMAL EQUATIONS COMPUTE PARTIALS

B) SPACE REQUIRED - £B7 LOCATIONS.

C) SPECIAL USAGE - TSX D2WEQT+t (REINITIALIZES LO-

CATIONS).

D) CONSTANTS -

KOZERO PZE

KOOOOX DEC £

KO0003 DEC 3

E) ERASABLE STORAGE - TMPD2, TMPD2+It D2WDTt

D2WDT÷2
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F} TIMING {IN MILLISECONDS) - WHEREp=NUMBEROF
EQUATIONS THAT PASSED ANY TYPE TEST (MAX. 3)t

n=NUMBER OF PARTIALS {6 OR 8).

I) NO CHECKS

(A) O.IB8+P(I.24B+O.324N)+2.3 FOR UISICD

(B) MAXIMUM 14.108 MSEC INCLUDING UISICO

2) W (dl] CHECK

(A) 0.24÷.624P÷2.3 FOR UISICO

(B) MAXIMUM 4.532 MSEC

3) WEIGHT PARTIALS AFTER W(cLf) CHECK

(A) 0.432+p(0.?2÷0.324_

(B) MAXIMUM L0.378 MSEC

4) RESIDUAL CHECK

(A) 188+p(L°428÷.66n)÷2.3 FOR UISICO

(B) MAXIMUM 22.?12

5) TSX D2WEQT÷I,4

(A) 0.12 MSEC

G) CHECKOUT - D2WEQT HAS BEEN SUCCESSFULLY CHECKED

OUT USING ALL CASES LISTED IN METHOD.
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,•.a• H• .ieie

ENTER

•.l••****tu.t.•

:Bo:..x= |NCRERSE:
• • • KRESD BY I •

-. : ............. :

SAVE IXR'9

*••ooam•ll.t**_

• •YES

• IS KOCSTT-O " • ........

• _o

_M

o [NTO _W'I'
T F:ST

............. -

• -N INT0 0ECR..

IOF LOOP 2 AND•
wOECR. OF LOOP.

: N INTO0ECR.:
• OF NOSTO •

ZN |NTO TEMP_

°

°X;..o. ....... ° ....

;
a••m•m•motm•H•

• _ INTO XRN° •
• BETA INTO XR2•
•BETA INTO XRB*

• ,•,•m •lHel• • •

• • • •YES "**

• " IS KRESIO-| • •_( 80"*

• • • * *H

i

• " " •NO --••

• • IS KR_SID LT • "_( C3"•
• * lOSle

.......... X• BI•

*-

• • • eYES *•• * "NO .--•••

:fii_X • IS RAEO8 • • ........ _Cl •* * IS XRI GT * •X C6 •

• ),l=l • * • XRl-I • LOS1•

;,o • • ;Es

• •*•*•••HH*..•

:............: : .'".
• RAEOB 1- • : *N TO TDEOCTo...X Bl•

I,LAfC, I lOC. • •

:.............: • .............: *-•

• • •NO

• |S XR1 G1 0 • • ............. * .........

• • • °

• • _ES

i
X

• " ,NO _'*. " P 4-wr

• " is XR| G, -a " • ......... c_ ..x: ,RAES_-RRLCI*

• • ••• :*H•**ot••J,o•

• YES :•*••

.......... X. AO •
I051-

: SAvE x_ :

: o INTO RR2 :

• • "YES *e••

• IS KRESID"O eX C3 *
• * |05i*

• . _10

_ * • • •

• • *NO • • • •NO *•*

• " |S KREoSED LT " • ............. • IGSTTPMTOFo2 .i C|:• • KSEMPY • • •

• • • ***

• • '_ES :'"- " • _Es
.......... X• BO •

I051_

:INDICATE FAIL'.o*X El•

• IN 02WDT * • •
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**• : ........... ;

_,Ao*..x: OECREASEXRI:
BY I •

_.e •
ceil* *eieoe* _

.•. :........... :
_OOe.oX_ A 4=WTe2 •
• • • =T_EQCT,2 :

--- : .............

.. : ............. :
:oo:..x: ST•Z.SCORP-OF XR2 IN •

: SAVERReOe-:
RAEC •

RPYIXI,Z ANO:

SUR

: 0 INTOAIALPHAI O

• INTO A IBETA)•

• • • o•

• COS IRAEC,[) * •DECREASE XR'S•

• • OR COS E e •• • 2,6 BY I •

. }_'_{_'_8" .
* D2SUNE
• _+2 *

• COS E c (ADB- Ac)

COS E c (SAVED LOC_

• • • e eYES • :

is xRa Lt -N *X S0: :C3"..X: A 4=RX,a *
• * • ....• :..• : T6E_CT,z :

• *•••*•••**u•i•e

_o

• • 6• •

: XNCREASEXRZ:..._ C4** : RESTOREXRZ : : DECREASE XR2_
BY [ • ]•SOl • FOR P • BY [

• ***e***••**•*•* *••*••*•••e•**•

• • *YES *••
• • e

R= (EWT(TDEQCT. X)] -P, 2 IS XRZ LT -N •X

• •*l•*•*H*•••* •

_o

• • *YES *o* _.... *********_

." ,ss : y T .........

_o

r

: |NCREASE XR_:..._ C| • :DECREASE |R°S:

• BY N • IOSO* * [ ANO 2 BY |•

: ............. : .... : ............. :

• X •

• • *••••••••el•••*
• * eYES e•*•* le** ** XR6 INTO A •

• IS XR1 GT 3 ex C1. eD8e°.X• {ALPHA) XR2 •
• * 1050 • • *INTO A IBETR)•

e•o *• * *

i

• •YES e•e •*•*•*•••••e••*
• IS XR2 GT * • EXIT RETURN TO •

• -L,.,,OF -; or: _T _Ry_LsTPNTDA * * *_ •

° • * ••••.

..."?........ oo.
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56A D3CORM - CHOOSE DESIRED RADAR MESSAGE

D3CDRM CHOOSES THE DESIRED NUMBER OF RADAR MESSAGES

FROM THE STATION BLOCK AND STORES TIME, RANGEr AZIMUTHt

AND ELEVATION FOR EACH MESSAGE STARTING WITH THE EARLIEST

MEssAGE. ISEE FLOWCHART.)

INPUT

SYMBOLIC LOCATION

KOLSMB SYN

KONDRM SYN

KCDRMI SYN

STATION MESSAGE BLOCK

Y

Y ÷ I

Y • 2

DEFINITION

TDCCNT + 7

ADDRESS CONTAINS LOCATION OF

FIRST WORD OF STATION MES-

SAGE BLOCK.

TDCCNT • B

DESIRED NUMBER OF RADAR MES-

SAGES.

TDCCNT ÷ 6

s, I-]4 BITS ALL ZEROS . IF

35=I, FIRST TIME THROUGH

D3CDRM, =O ALL SUBSEQUENT

TIMES THROUGH D3CDRM.

FIRST WORD OF STATION MES-

SAGE. ADDRESS CONTAINS STA-

TION IDENTIFICATION NUMBER.

DECREMENT CONTAINS PASS NUM-

BER.

NUMBER OF RADAR MESSAGES IN

THIS BLOCK.

ADDRESS CONTAINS THE LOCA-

TIONt RELATIVE TO Y, OF THE
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Y ÷ 3

Y + 4

Y ÷ 5

Y ÷ 6

Y ÷ 7---Y ÷ 10

Y + 4N - 1--,--Y + 4N+2

TNSTCH

TIME OF MINIMUM RANGE (Tm)

T1 {TIME) FIXED-POINTt MIN-

UTES IN ADDRESS, SECONDS IN

DECREMENT.

R 1 {RANGE) FLOATING-POINT,

IN GEMINI UNITS.

A 1 (AZIMUTH) FLOATING-POINTt

IN RADIANS.

E 1 {ELEVATION) FLOATING-

POINTt IN RADIANS.

SECOND RADAR MESSAGE.

NTH RADAR MESSAGE.

ADDRESS CONTAINS THE LOCA-

TION-I OF THE STATION CHAR-

ACTERISTICS BLOCK TO BE

USED. (SEE i

OUTPUT

SYMBOLIC LOCATION

KOSWTR SYN TEQCIN

KOSWTA SYN TEQCIN + I

KOSWTE SYN TEQCIN ÷ 2

KOOTOB SYN TEQCIN ÷ 3

KOOROB SYN TEQCIN ÷ 9

KOOAOB SYN

KOOEOB SYN

DEFINITION

SQUARE ROOT OF STATION

WEIGHT FOR RANGE.

SQUARE ROOT OF STATION

WEIGHT FOR AZIMUTH.

SQUARE ROOT OF STATION

WEIGHT FOR ELEVATION.

TIME OF RADAR MESSAGE JUST

PROCESSED.

RANGE OF RADAR MESSAGE JUST

PROCESSED.

TEQCIN • IO AZIMUTH OF RADAR MESSAGE

JUST PROCESSED.

TEQCIN + 11 ELEVATION OF RADAR MESSAGE

1053



VOL III REAL TIME PROCESSORS PART IT - ORBIT/REENTRY

KSTCHL SYN

KTSUB| SYN

JUST PROCESSED.

TEQCIN + 7 ADDRESS CONTAINS THE NUMBER

IDENTIFYING WHICH STATION

CHARACTERISTICS BLOCK WAS

USED.

TEQCIN • B TIME OF OBSERVATION IN

GEMINI UNITS_ FLOATING-POINT

METHOD

THE MESSAGE (Tm) AT THE TIME OF MINIMUM RANGE AND

MAXIMUM ELEVATION AND THOSE MESSAGES CLOSEST IN TIME TO

(Tm) -TOTALING THE DESI.RED NUMBER OF MESSAGES -ARE STORED

IN ORDER OF INCREASING TIME STARTING WITH THE EARLIEST.

IF, IN TESTING MESSAGES TO BE SELECTED ON THE BASIS

OF TIME CLOSEST TO Tm THE FIRST MESSAGE OF THE STATION

MESSAGE BLOCK IS ACCEPTED, THE PROGRAM NAMES IT ''THE

FIRST DESIRED MESSAGE,:'' AND AUTOMATICALLY SELECTS

ENOUGH SEQUENTIAL MESSAGES AFTER T m TO REACH THE NUMBER

DESIRED.

IF, IN TESTING MESSAGES TO BE SELECTED ON THE BASIS

OF TIME CLOSEST TO T m THE LAST MESSAGE OF THE STATION

BLOCK IS ACCEPTED, THE FIRST MESSAGE IS AUTOMATICALLY T-4

(NUMBER OF DESIRED MESSAGES-I), WHERE T IS THE NUMBER OF

THE LAST MESSAGE. ALL MESSAGES BETWEEN T-4 AND Tm ARE

THUS SELECTED.

AFTER SELECTING THE DESIRED MUMBER OF MESSAGES, THE

FIRST ONE IS STORED AND CONTROL IS RETURNED TO 2, 4. ON

_ACH SUBSEQUENT TSX TO D3CDRMt ANOTHER OF THE SELECTED

MESSAGES IS STORED, UNTIL ALL DESIRED MESSAGES HAVE BEEN

STORED. THEN A FINAL RETURN IS MADE TO I, 4.
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USAGE

A)

B)

C)

D)

E)

CALLING SEQUENCE -

TSX D3CDRM,4

ALL DESIRED MESSAGES HAVE BEEN

STOREDt FINAL RETURN.

ANOTHER SELECTED MESSAGE HAS BEEN

STOREDw BUT NOT ALL OF THEM.

SPACE REQUIRED - 150 LOCATIONS USED (THE LAST 14

OF WHICH ARE ERASABLE) EXCLUDING CONSTANTSt IN-

PUTt AND OUTPUT.

-CONSTANTS USED -

KO0001 DEC I

KO0002 DEC 2

KO0003 DEC 3

KO0004 DEC 4

KOOO05 DEC 6

KOO.SH DEC .00123857

KCH233 OCT 233000000000

TIMING - D3CDRM REQUIRES 2.3 ÷ N(1.2} MSEC FOR

THE FIRST TIME THROUGH PLUS {I.3)N MSEC FOR THE

REMAINING TIMES THROUGH (TOTALIt WHERE N = THE

DESIRED NUMBER OF RADAR MESSAGES AND THE NUMBER

O_ TIMES CONTROL IS TRANSFERRED TO 03CORM. TOTAL

TIME IS 2,3 + NI2.5}MSEC.

CHECKOUT - TA3LE I SHOWS TIMES FOR INPUT MES-

SAGES USED TO TEST D3CDRM. A BLOCK OF TEN MES-

SAGES WAS SET UP WITH TIME EQUAL TO 1342 OCTAL

M_NUTES AND SECONDS VARYING FROM 0.62 OCTAL.

FOUR TESTS WERE MADE,

I) IN THE NORMAL CASEt ONLY PART OF THEBLOCK

IS NEEDED AND THE MESSAGES ARE IN THE CENTER

OF THE BLOCK.
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2) ALL OF THE MESSAGES ARE NEEDED.

3} PART OF THE MESSAGES ARE NEEDED FROM THE END

OF THE BLOCK.

4) PART OF THE MESSAGES ARE NEEDED FROM THE

BEGINNING OF THE BLOCK.
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r./'J

co

r./'j

el

_'_ _._ Z _._
'_® ._®

•-_ _
• _'_ I_

e,O LO _ C,_ ,--I C_1

•

.C_ =I

_._

I-I

I

•,_ c,_ ,-4 C_1

O

L_

e,,O

_ CO '_ I.O e,D L'.- OO _'_ C,

r._

.w-

¢_ e,_ _i_ o_ _ _ e,D ,-i L',,- ¢_

EwO
O_

+

tl
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•--.---.-'*'''" "" : CONV(R 1 - + •

: BEGIN : :BOp.X: ,Iz)TOSECS. :

"" :.............:

HI
• • SKIP * " • el..aaleelle.*.

• " "eNO lie .• • - -YES
• • • • • • • _ R3-R LT 4 • em•• : USE THEM ALL_

• FIRST TIME iX C2• tEleX T_IES NO, O[ MSGS • ....... •CI*..XISTORE IN LOC.•

• • )OF FIRST MSG.•
THROUGH • • el•u• •me e • • NEEI)EI).l • • •m • IN R. •

• ;Es " _,0

• O INTO K£DRRI °e

• O INTO NEE0 •

•....,..,..,.;

:•o•,•••,e••°•_

i STDRE WGHTS&•

FDR R.& E. •
STORE S_A. •

NUMBER •

IS N . OF •• M,_._, -_ELi
• NEEDED • • •

• • •.=

• _ES

• RANGE IN R2_

_DONVERT •
R 2 TOe

oil • m

• TL'KOLSRBeA •
• [NO. OF NSGS),o
• IN BLOCK -11 •

: .........._ • ,"

• • IS ° •YES

• D2-II 1 LT II 3

-H2 • ° •

• " IS • •NO

• R:1 GT I'1,

• r L LASI't • " ........

• • ..
• ;ES ":

: ............. :
• T LmAI NO. OF ee ::
• MSGS. ..

• NEEDED-L) • ..

• INTO R •

.'x...............""

; HI

• R3+ 4 INTO R 3 _ ••••• •

• CONVERT It 3 ,.°.X BIB

TO SECONDS ; "•i• • "

............... X:

SKIP

"" " " E.N°T-
• • • CONT. NEED
eC2eX NO. OF MSGS. * .......................
• • • NEEDED •

• • _ES

• CONTo NEED eN_ *e••••••••*••••
LT. NO. OF ............. x: EXIT :

• RADAR NSGS. • • FINAL RETURN
• WE HAVE • •••••••••e•••••

_ES

• STORE TIME

* FItOM R 1 RI,

: AI, I:1 rlIAT GOES WI'rll IT

G_NINI UNITS,
i DNV° t TO •

AND STORE •

:NEED * t INTD:

• NEED Ri_ RR]_

EXIT !
AFTER EA NSG

iT.... O SRR.,i

• •De De

: ,_z-_,NTO,iI :...;

: ........ : ...

* "IS • •

• * TF_L, r RI *NO •**e*eeeee.e*••

". %, ,ST i, • ............. x:• ERRo[XI, :
• ••*•••**•••oo•Q

• • _ES

HI

eeiZ.l-4 INTO R I • -*•

"CONV N_:wRI :...;BL:
TO SEC
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57. D3PTWT - WEIGHT TABLE LOOKUP

D3PTWT DETERMINES THE NUMBER OF OBSERVATIONS DESIRED

FROM EACH REPORTING STATION AND COMPARES THIS NUMBER TO

THE NUMBER OF AVAILABLE OBSERVATIONS. THE SMALLER OF THE

TWO NUMBER OF OBSERVATIONS IS USED Ir_ THE DIFFERENTIAL

CORRECTION {DC) PROGRAM FOR THAT STATION. (SEE FLOWCHART)

INPUT

A}

B)

OUTPUT

TNSTMS - A TABLE OF MNLTMS ENTRIES, CONTAINING

IN THE ADDRESS FIELD OF EACH ENTRY THE LOCATION

OF THE TMDATA BLOCK ASSIGNED TO EACH STATION

WHICH I$ TO BE USED IN THE DC. THE ENTRIES ARE

ORDERED ACCORDING TO TIME DE MINIMUM RANGE {TMR)

WITH THE ENTRY FOR THE MOST RECENT TIME FIRST.

THE LAST ENTRY IN THE TABLE IS SET TO NEGATIVE.

ALL PRECEDING ENTRIES ARE POSITIVE, WHILE ALL

REMAINING LOCATIONS ARE NEGATIVE ZERO.

TMDATA - A TABLE COMPOSED OF 3-WORD BLOCKS, ONE

FOR EACH LOW-SPEED EDITED DATA BLOCK LOCATED IN

32K BUFFER MODULE. THE FIRST WORD CONTAINS THE

STATION IDENTIFICATION NUMBER, THE SECOND WORD

CONTAINS THE NUMBER OF RADAR MESSAGES FROM THE

STATION_ WHILE THE THIRD WORD CONTAINS THE

ANCHOR TIME IN FIXED-POINT SECONDS IN THE DECRE-

MENT AND FIXED-POINT MINUTES IN THE ADDRESS.

THE OUTPUT OF D3PTWT IS TNOMFS, A TABLE CONTAINING

THE NUMBER OF OBSERVATION TO BE USED FROM EACH STATION _Y

THE DC PROGRAM.
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METHOD

D3PTH_ FIRST COUNTS THE NUMBER OF REPORTING STATIONS

FOR A DC, AND THBN DETERMINES_ BY MEASURING THE TIME SPAN

OF THE DATA, WHICH OF THE FOLLOHING THREE CONDITIONS

EXIST -

A_

B)

G)

MORE THAN ONE ORBIT

LESS THAN ONE ORBITt MORE THAN TEN STATIONS

LESS THAN ONE ORBIT_ TEN OR LESS STATIONS.

TO AGHIEVE THE BEST POSSIBLE CORRECTIONt THE NUMBER

OF OBSERVATIONS DESIRED FROM EACH STATION IS COMPUTED

BASED ON TIME DIEFERENGE BETHEEN THE TIME OF MINIMUM

RANGE 4T_R| OF THE STATION AND THE TIME OF THE ANCHOR

POINT VECT_Ro THIS NUMBER IS THEN COMPARED TO THE NUMBER

OF OBSERVATIONS AVAILABLE FROM THAT STATION AND THE

SMALLER OF THE TWO NUMBERS IS USED.

USAGE

A} CALLING SEQUENCE

TSX D3PTHTt4

ERROR RETURN

NORMAL RETURN

B] STORAGE REQULRED - 168 LOCATIONS

C) CONSTANTS USED - KCH233t KO0001, K090oO, KKK2PI,

KOOOlOt KLNO.7, KIO0. O

D) ROUTINES USED - U1EXPE

E) CHECKOUT " THLS PROGRAM HAS BEEN CHECKED BY

USING A VARIETY OF OBSERVATIONS OVER DIFFERENT

TIME PERIODS_
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• .mR • •• • *_ ••* •

,TAR,
•••.eMe••••••e•

oCOeX G0 TO EXP _•
• • • SUB-PROGRAM

m• •
°•e*eeee•*o• •••

• ee •

• SAVE XR'S •

• Q qe •

• • * *YES *•**'**** ..... **

• • IS THERE AN • • .............. X** RESTORE IRIS **

• ERROR • *

• _ A • me
@

• COUNT NO. OF•
• STATIONS •
• REPORTING •

i

o• • Q•

! STORENOOF!oes OESIReO : ERXT :
IN TZ2222 • TRA Zt6

. ........... : : ............. :
• GO TO TRSTRS*
• TO GET • :TSUM ÷ E22222_

: ADORESTMDALOF: • INTO TSUN .

STORE ANCHOR• • •NO ,,-
TIME • ARE ALL •

eITMD&TAea] DIE: •_( ET_• REPORT |NG
• EACH STA IN • • STATIONS •
• TNORFS • • PROCESSED • ••*••

'_ES

• • " .No :_•;;'_ ..... : .. :_"•:
• • MORE THAN O_ • " , X•9_.0 _xO • •C5 • X • _UM

• ORBIT • i••e•**••••••*_ "• • _TO_2222• • • • DWFBB •• ••••*••••••••m_

• • ;ES

.. • : ............. :
• MORE THAN T_N_ •6.28

• STATIONS "...&.... ...... X't'-_ _TO
• REPORTING • • *

• • DWFBB •

• _E$

_X .................

i

• -- _TO • ••• •

• tA -rio * .......... _*BT:..X: COMPUTE

DWFBB tA-t i •
: ......... : --

• *NO

PROCESSED *X C5•
EACH STATION • • •

• • _ES

;

• •NO
IS OBS •

• DESIRED GT * ......................
• OBS AVAIL

_,ES

X

• COMPUTE •

: B(t A - ti)

:FMP (B (tA -ti)): •*•••

: BY LN OF 0.7 :'''_ CO:

: ............. : : ............. :

• STOREAvAILDBSIN _ ! STORE T22222_

TNOMFS * IN INOMFS •

• *••e•i•••iel*• H••*••••••••*•

• H••••••••••*H

: RESTORE XR'S: ............... X: EXiT :

• TRA 2,6
ttotttttllltJt@
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58. D4CFR_/ - CALCULATE FUNCTIONS OF r AND v

D4CFRV CALCULATES THE QUANTITITES (FUNCTIONS OFr, v )

FROM A GIVEN SET OF SPACECRAFT POSITION AND VELOCITY

VALUES_ (raEE FLOWCHART. I

INPUT

THIS PROGRAI_ USES THREE LIBRARY SUBROUTINES UISQRTt

U3XPROt AND U3DOTP.

A) K'RAVC1 - X COORDINATE

B)

C=

D/

EJ

FI

(ALL IN FLOATING-POINT)

KRAVC2 - Y COORDINATE

KRAVC3 - Z COORDINATE

KVAVCI - VELOCITY ALONG THE X AXIS

KVAVC2 - VELOCITY ALONG THE Y AXIS

KVAVC3 - VELOCITY ALONG THE Z AXIS

OUTPUT

A}

B}

C_)

D)

E)

F)

G)

H)

I)

J)

KASUBO - a0
2

KKMESQ - 1-e

KRABSL - _X 2 +Y2 + Z2

BVABSL - _VX 2 +VY 2+Vz 2

K_CCEN - e
-3/2

KNSUBO - a 0

KREVECI - LARGE R VECTOR

KREVC2 - LARGE R VECTOR

KREVC3 - LARGE R VECTOR

K_RTPO - P4 p

(ALL IN FLOATING-POINT)
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METHOD

THESE EQUATLONS ARE USED BY D4CFRV -

ir° , : (X2 + y2 + Z2) 1/2

Ivo I : (VX2+W2+VZ2) _/2

a 0 -
r 0

-_-_2
2 - r 0 v 0

2

2 ( a°-r°)_0
e = -- +

(r ° Vo) 2
a o

- 3/2
N O = a 0

z_= I_o Xvol

= ro Xv 0

,/g

(1)

(2)

(3)

(4)

(5)

(6)

(7)

D4CFRV IS ACCURATE TO SEVEN SIGNIFICANT DIGTIS.

USAGE

A)

B|

c)

CALLING SEQUENCE -

TSX D4CFRV,4

ERROR RETUNR

NORMAL RETURN

SPACE REQUIRED - I07 LOCATIONS EXCLUDING LOCA-

TIONS FOR LIBRARY SUBROUTINES AND TABLES.

CONSTANI$ USED -

KOOI.O DEC 1.0

KO02.0 DEC 2.0
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D) ERASABLE LOCATIONS - TEMD4 THROUGH TEMD4÷9.

El TIMING REQUIRED _ 12.9 MILLISECONDS.

FI CHECKOUT - D4CFRV WAS CHECKED OUT BY COMPARING

ITS OUTPUT WITH RESULTS OF HAND COMPUTATIONSt

AND WITH THE OUTPUT FROM THE COG PROGRAM.
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• ,or • *,••*l.•e*

: ENTER :
soeeeleeeee oes

N|RK leeeeeeXeeeelee

.- :.
"-..WL_._.zo._L...-

eoleoJ*_teeeleeoe

• CALCULATE •

• ivol BY
•...i_._....-

oot_aiDm**mtIDI

• CALCULATE A0et I
o

• BY EQUATION 3
• o •

*oliwmli*****o•

*J CALCULATE e 2 **

. BY EQUATION 4

i*oe_•otoo••ooe..

• CALCULATE N O e

• BY EQUATION 5
.e

**•*eotoo.eJ.-e

CALCULATE _.L•

°o BY EQUATION 6 a •

• eoo•o**o*•ooo*• °

_• CALCULATE R *e

• BY EQUATION 7 •

Ex,, :
RETURN
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59, RINDCP - NUMERICAL DIFFERENTIAL CORRECTION

RINDCP COMPUTES BY NUMERICAL HEANS THE 18 PARTIAL

DERIVATIVE5 APPEARING IN THE THREE EQUATIONS OF CON-

DITIONS ARISING FROM AN OBSERVATION. RINDCP UTILIZES THE

SIX INTEGRATION TABLES SET UP BY R2AINT. (SEE FLOWCHART)

INPUT

RINDCP USES TWO LIBRARY SUBROUTINES - UAILSC, U?INTP

AND VANGUARD PROGRAM INTP3 ADAPTED FOR USE AS A CLOSED

SUBROUTINE WITHIN RINDCP. THE INPUT TO RINDCP INCLUDES

THE FOLLOWING -

A) A FIVE-WORD BLOCK BEGINNING AT LOCATION KOOTOB.

KOOTOB SYN TEQCIN + 3

B)

C)

D)

TIME OF THE OBSERVATION

-MINUTES IN THE AD-

DRESS, SECONDS IN THE

DECREMENT.

+2 USED BY RINDCP FOR TEMPORARY STORAGE.

÷

+4 STATION IDENTIFICATION

THE COMPUTED RANGEr AZIMUTH AND ELEVATION OF THE

SPACECRAFT RELATIVE TO THE SPECIFIED STATION AT

[HE GIVEN TIME OF THE OBSERVATION BASED ON THE

LATEST REENTRY TABLE.

KOODRC SYN TEQCIN +15 R o

KOODAC SYN TEQCIN +Ib Ae

KOODEC SYN TEQCIN +17 E
C

THE SIX PERTURBED INTEGRATION TABLES GENERATED

IN THE PROGRAM R2AINT.

TDTOBS BSS I TIME OF THE OBSERVATION IN
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E) TNETIM BSS I

SECONDS

TIME IN FIXED-POINT SECONDS OF

THE LAST ENTRY IN THE LAST OF

THE SIX REENTRY TABLES OF PRE-

DICTBD POSITION.

OUTPUT

EIGHTEEN PARTIAL DERIVATIVES ARE COMPUTED AND STORED

BEGINNING IN LOCATION TDEQCT IN THE FOLLOWING ORDER -

5R 5R 5R 5R 5R 5R 5A 5A 5E 5E

5X bY _Z 5X bY 5Z 5X 5Z _X 5Z

METHOD

IN ADDITION TO THE LATEST REENTRY TRAJECTORY, THERE

ARE AVAILABLE TO THE RINDCP PROGRAM SEX INTEGRATION

TABLES WHICH HAVE BEEN GENERATED BY PERTURBING THE

POSITION AND VELOCITY VECTORS AT THE LATEST ANCHOR POINT

ra AND V aBY AMOUNTSL_Ca, _Ya ...._a' RESPECTIVELY. LET I

REPRESENT_NY0_NE_F THE VARIABLES X, Y, Z,X, Y, Z. THE

PARTIALS 0I ' 81 '@I ARE CALCULATED AS FOLLOWS. FROM THE

INTEGRATION TABLE GENERATED BY PERTURBING THE I COMPONENT

OF ra OR va BY THE AMOUNT AX a, COMPUTE THE RANGE R I,

AZIMUTH AI_ AND ELEVATION E I OF THE SPACECRAFT RELATIVE TO

THE GIVEN STATION AT THE SPECIFIED OBSERVATION TIME. THEN

R R I-R C 5A A I-A C bE E I- E C

I AI a ' 5 1 _I a ' 5 1 AI a

WHERE R c, A c, Ec ARE THE COMPUTED RANGE, AZIMUTH, AND

ELEVAT_ION, RESPECTIVELY, BASED ON THE LATEST PREDICTED

REENTRY TRAJECTORY_
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IN THE FOLLOWING DISCUSSION, At IS THE TIME INTERVAL

AT WHICH ENTRIES ARE MADE IN THE SIX NDC INTEGRATION

TABLES, AND TL IS THE TIME OF THE LAST ENTRY IN THE

NUMERICAL DIFFERENTIAL CORRECTION TABLE.

TO CALCULATE BY 6 POINT LAGRANGIAN INTERPOLATION FOR

AN OBSERVATION TIME WHICH OCCURS WITHIN THE TIME INTERVAL

tL-2_t TOt L , RINDCP IGNORES ANY OBSERVATION AT A TIME

GREATER THAN tL. IF AN DBSERVATIDN TIME FALLS BETWEEN tL-At

TO tL -2 At OR BETWEEN tL TOtL-A%, THE VANGUARD PROGRAM

INTP3 IS U&ED.

THE FOLLOWING TESTS FOR DISCONTINUITY IN AZIMUTH

NEAR 36_ ARE MADE PRIOR TO COMPUTING AI- A o

AI a

:A I + 2y - A c

A I < 90 ° , Ac > 2700 Compute /kIa

, < 270 ° ComputeA I < 90 ° A c

A I<270 ° and >90 ° Compute

A I - A c

AI a

A I - A c

AI
a

A I > 270 ° , A c > 90 ° Compute

, < 90 ° Compute
A I > 270 ° A e /kI a

A I - A c

bI a

A I - (A c + 2y)

RINDCP CAN BE USED ONLY WITH INTEGRATION TABLES THAT

STORE _ VECTORS ALONE.

USAGE

A} CALLING SEQUENCE -

TSX RINDCP,4
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ERROR RETURN

NORMAL RETURN

B) SPACE REQUIRED - 19410

C) ERROR CODES - IF THE TIME IS BELOW tL PROGRAM

RETURNS TO ERROR RETURN.

D) CONSTANTS USED -

E)

KOOTOB SYN TEQCIN+3

KOODRC SYN TEQCIN÷I5

KOODAC SYN TEQCIN÷I6

KOODEC SYN TEQCIN+I7

KO04.0 DEC 4.0

KOO5.O DEC 5.0

KO01.O DEC 1.0

KO0001 DEC I

KCH233 OCT 233000000000

KO00O3 DEC 3

KO0007 DEC 7

KOZERO DEC 0

TABLES USED -

TPA.RX BSS 6

TDEQCT BSS 24

TNINT3 BSS 112

TNINT4 BSS IX2

TNINT5 BSS II2

TNINT6 BSS IX2

TNINT7 BSS iX2

TNINT8 BSS IT2

TNETIM PZE

TDTOBS PZE

AMOUNT TO PERTURB THE

VECTORS BY.

OUTPUT TABLE

X PERTURBED TABLE

Y PERTURBED TABLE

Z PERTURBED TABLE

PERTURBED TABLE

PERTURBED TABLE

PERTURBED TABLE

TIME OF LAST OBSERVATION

OF LAST REENTRY TABLE.

TIME OF OBSERVATION IN

SECONDS.
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F}

G)

T_MING - TIMING FOR RINDCP IS 458 MICROSECONDS.

CHECKOUT - RINDCP WAS CHECKED OUT IN THE GEMINI

PROGRAMMING SYSTEM USING ACTUAL TEST DATA

SUPPLIED BY NASA.
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BEGIN

*aetotemoeil*• •

RINDCP •• eaI• ***eleim*

•:LOAo_RNIT.:
• *•e • ••eQ ••*m*

R1STR

*STORE ADDR DF•
• TABLE ANO •
• TIME 0F OBS *

• TABLE _6t1 •
• .•ee • •l.e•elee

CORP ADDR OF•LAST LOC OF •
• PERTURBED •

X R1END

o i e •
• eTES TIRE O_ N_ •t.o••eeee._elu •

• OBS_ TNET IR t ............ X: EXIT

• GT TDTOBS • TIRA i:61 ....... ee

• _ _ES

• • RISN

• : _-_;-_._..--:
• •TNETIM -TI_ NIO • FOR INTP 3 •

• INTERVAL INTO _...; ........................................... I_tOB-LL_ I =N _

• • • TDTOBS e " e emeee_tk ....... :

• _ _ES

i

RISN1"T ..-2 NO :_'O'_:_'_'_.''':
• • FOR INTP 3 •

LTIRE •..** .......... Xe&L_ B tL_ 2 N _

INTERVAL) Gt • i_;...!• • IOTOBS• •

• _fES

R1SUB

CORP X Y Z e [NTERP FOR • INTERR FOR •• FOR TIR_ _F •• e• e•
TIME OF OBS • ....... TIME OF D85

OBS_ UTINTP • RITNP ee e• RITNP_3 •

A • •***•*•*******•*

• .. .... k ....... X_

q * RISUR

• mNO •_COMPUTERI I e

• • I S THERE AN • _..., ......... _ ............................... X _[. E I U._ILSC
ERROR • • 11

• • ••.•••••_eeeoeee e

• _ES

• trot _ melee•o•*

: EXIT :

• ERRQR RETURN •
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ERROR • • ERROR RETURN

:.."?...... x: Al'.
IOTZ•

RISUR_3



¥OL III REAL TIME PROCESSDRS PART II - ORBIT/REENTRY

• ,. • .• ,u .. -

Al',.x_ R1 - RC •

• -- : ............. :

lORE

RITET • • • RIETI
• • •eaottttQ•m••••

• " " • . •YES :COMI'*AI+ 2_ -A

• TESTA I, LTUY. t$ • TESTA C GT • • ............... ;'_B
• • ............ x

• • 90 • • _70 _teeettttlelt• u

• • • " Q • •

• •_o " _o

i

• • TEST A l GT rune0

• 27u

_ • a m

• • _ES

• .,....,.;....., ....... X.

_ITES

i
• R%OR

• • : COMP,

8A AI-AC _''" ..................... X°

•T_S,,_L*_0 ........_.......i_ 7_- :• •

o • oeI••llli•••w •

P,_.N£ W.

: "_'Cc'........ :
:•_'_,': ....... • E - E :
: 8A Ai.(Ac+2_) ..&,.._ ....................................... X: _I B C

_p :...........:
• • • ••D •,, • •*•-•

: STORE IN
TDEQCT+L8,I !

p •

• • •NO •••••ll•••• "i

• TEST IRl=! " • ....... °...°..X: SET IRl=
• • IRL-!

• EXIT : * EXIT

: RETURN 2•_ • • R|STR •
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60. R2AINT - NUMERICAL INTEGRATION INPUT TABLES TO BE

USED FCR GENERATION OF PERTURBED TABLES FOR

NUMERICAL PARTIAL DERIVATIVES

R2AINT SETS UP THE INPUT TABLES TO _E USED BY NOCPNI

IN THE GENERATICN CF INTEGRATION TABLES TO BE USED BY

RINDCP IN THE CALCULATION OF PARTIAL DERIVATIVES BY

NUMERICAL MEANS. IT IS A SUBROUTINE OF DODIFC, THE DIF-

FERENTIAL CORRECIICN PROCESSOR. (SEE FLOWCHART)

INPUT

A) TABLES -

TRVTAP

TNEARM

TNUMNI

KR_ELT

KPERST

Xa

+2 Ya

+3 Za a

+4

+5

+6

TNETPT

TPA.RX THRU

TPA.RX+5

THE POSITION VECTOR AT AN-

CHOR TIME, t IN FLOATING
a

POINT G.L.U.

Ya - THE VELOCITY VECTOR AT AN-
v

a CHOR TIME, ta IN FLOATING

POINT G.V.U.

t - ANCHOR TIME IN FIXED SECONDS
a

- INDICATOR USED TO TELL WHICH

PERTURBED TABLE IS BEING WORKED ON.

SET TO ZERO ON FIRST ENTRY

h - INTEGRATION STEP SIZE TO BE

USED - FIXED SECONDS

p - NUMBER OF INTEGRATION STEPS PER

OUTPUT - FIXED POINT

t - ENDING TIME OF PERTURBED TABLES
e

- PERTUROATIONS TO BE APPLIED TO
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TMRCNP

THE INITIAL CCNDITIONS IN FLOATING

P_INT GEMINI UNITS

- A FOUR LOCATION TABLE SIGNIFYING

THE MANNER IN WHICH THE D.C. RE-

FERENCE TRAJECTORY WAS GENERATED.

FORMAT IS AS FCtLOWS -

TMRCNP

+1

+2

+3

mode 1 3 4

1st parameter X T GMTRB GMTIR

2nd parameter _bT Bank Angle Bank Angle

3rd parameter t325K t325K t325K

5

Zero

Bank Angle

t325K

B)

TABLE TMRCNP IS INTERPRETEE AS FOLLOWS -

MOCE I - ON BOARD GUIDANCE METHOD

NODE 3 - BANK ANGLE REVERSAL METHOD

MODE 4 - ROLL INITIATICN AT SPECIFIED GMT

METHOD

NOOE 5 - CONTINGENCY MbTHOD (FIXED BANK

ANGLE)

BANK ANGLE AkE IN DEGREES, _),rAND XTIN RADIANS

AND TINES ARE IN GMT SECONDS.

_ODE IS FIXED POINT B35, ALL OTHER QUANTITIES

ARE IN FLCATING POINT

CONSTANTS

KMCO00 DEC -0

KOCO00 DEC 0

KOO001 DEC I

KOGO35 DEC 35

KO0050 DEC 5O

K00054 DEC 54
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KOPIOI PCN 0,0, I

MCRWGT

MASK WITH I IN PREFIX

AND DECREMENT

REENTRY WEIGHT IN

FLOATING POINT POUNDS

CUTPUT

A) TABLES -

TNNDCI A SEVENTEEN LOCATIEN TABLE TO BE USED AS

INPUT BY THE INTEGRATION PROGRAM NOCPNI

IN THE FOLLOWING FORMAT -

TNNDCI+I X_y

+ 2 Z a)

÷4

+5

+6 t
a

+7 h

+8 0

+9 A tf

+I0 TLtp

+II ONE IN

PREFIX

AND

E
a

+ DESIRED PERTURBATION

v a + DESIRED PERTURBATION

ANCHOR TIME {FIXED}

STEP SIZE (FIXED}

LENGTH QF TIME TO INTEGRATE

BACKWARDS

LENGTH OF TIME TO INTEGRATE FOR-

WORDS {FIXED)

OUTPUT TABLEt,NUMBER INTERVALS

PER OUTPUT

DECRE- SECONDS, NO THRUST, STORE, RUNGE

VENT KUTTA

+12 W REENTRY WEIGHT OF SPACECRAFT

(FLOATING POINT}
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+13 tRB OR

_T

• 15 BANK

ANGLE

TIME TO REVERSE BANK OR LONGI-

TUDE OF TARGET IMPACT POINT

(FLOATING POINT)

TIME TD INITIATE ROLL OR GEO-

DETIC LATITUDE OF THE TARGET IM-

PACT POINT {FLOATING POINT)

BANK ANGLE {FLOATING POINT

DEGREES)

+16 NCT USED

TNUMNI UPDATED INDICATDR FOR TELLING WHICH PER-

TURBED TABLE IS BEING WORKED ON.

TN4NEX INDICATOR WHICH TELLS NOCPNI TO IGNORE

lO,CO0 FEET TEST {SET TO - O)

B} COMMUNICATION CELL -

MCNDCG - STATING THE TYPE OF NDC TABLE TO BE

GENERATED

C} ACCUMULATCR -

UPCN EXIT THE ACCUMULATOR IS SET TO -0 WITH [ IN

THE P BIT,
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METHOD

UPON ENTRY R2AINT SAVES INDEX REGISTERS AND MOVES

THE ANCHOR POSITION AND VELOCITY VECTORS TO THE OUTPUT

TABLE. BASED ON THE SETTING OF TNUMNI IT PICKS UP THE

INDICATED PERTURBATION FROM THE TPA.RX TABLE AND APPLIES

IT TO THE IN_ICATEC ANCHOR COMPONENT.

TNUMNI SET- INPUT VECTOR TO NOCPNI

TING UPON

ENTRY

0 X a_ +A X, Ya, Za' Xa' Ya' _a

1 Xa, Y a+A Y, Za, Xa' <Ia' Za

2 Xa, Y Z +AZ, Xa' Ya' _a, a a

Ya'Xa' Ya' Za' Xa a

5

,Xa' Ya' Za' Xa Ya a

Xa' Ya' Za' Xa' _ia' Za + A

THE ANCHOR TIME AND STEP SIZE ARE THEN MOVED TO THE

OUTPUT TABLE. THE TIME FOR BACKWARD INTEGRATION IS SET

TO ZERO.

T_E TIME FOR FORWARD INTEGRATICN IS SET TO THE

LESSER OF te-ta aNC 35 HP. THIS TESt IS MADE TO INSURE

THAT THERE IS NC POSSIBILITY OF THE PERTURBED TABLES

OVERRUNNING THEIR ALLOCATED CORE STORAGE.
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TME INTEGRATION OUTPUT TABLE AUDRESS IS THEN COM-

PUTED BASED ON TPE TNUMNI SETTING AND STORED IN THE

OUTPUT TABLE. THE NUMBER OF INTEGRATION STEPS PER OUTPUT

IS ALSC STORED. INDICATIONS THAT INPUT TIMES ARE IN

SECONDS, RUNGE KUTTA INTEGRATION IS TO BE USED WITHOUT

THRUST AND THAT AN INTEGRATION OUTPLT TABLE IS DESIRED

ARE STCRED. THE REENTRY WEIGHT IS ALSO STORED IN THE

OUTPbT TABLE.

A NEGATIVE ZERO IS PLACED IN T_4NEX TO SIGNAL THE

INTEGRATOR THAT IT IS TO CONTINUE THE TABLE GENERATION

UNTIL THE END OF TEE TIME SPECIFIED FOR FORWARD INTE-

GRATION REGARDLESS OF THE ALTITUDE.

IF TEE REENTRY MODE IS ONBOARD GUIDANCE, A FIXED

PCINT 54 IS PLACED IN THE DECREMENT OF MCNDCQ, OTHERWISE

A 50 IS PLACED TFERE.

IF TEE REENTRY MODE IS ONBOARD GUIDANCE, THE GEO-

DETIC LATITUDE AND LONGITUDE ARE PLACED IN THE OUTPUT

TABLE. IF THE MOCE IS BANK ANGLE REVERSAL, THE BANK ANGLE

AND BANK ANGLE REVERSAL TIME ARE PLACED IN ThE UUTPUT

TABLE AND TPE TIME TO INITIATE ROLL IS SET TO -0. IF THE

MODE IS ROLL INITIATION AT A SPECIFIED GMT, THE BANK

ANGLE TO BE FLOWN AND THE TIME TO INITIATE ROLL ARE

PLACED IN THE OUTPUT TABLE AND THE TIME TO REVERSE BANK

IS SET TO -0.

THE CONTENTS OF TNUMNI ARE INCREASED BY } IN

PREPARATICN FOR THE NEXT ENTRY TO R2AINT. A NEGATIVE ZERO

AND A ONE IN THE P BIT ARE THEN PLACED IN THE ACCUMU-

LATOR.
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INDEX REGISIERS ARE RESTORED AND THE PROGRAM EXITS

TO MFDIFC, THE SUFFIX OF THE DIFFERENTIAL CORRECTION

PROCESSCR°

USAGE

DODIFC REPETITIVELY ENTERS R2AINT BY A TRANSFER TO
I

LOCATICN R2AINT AF[ER HAVING ESTABLISHED THE NECESSARY

INPUT CONDITIONS. (IT SETS TNUMNI TO 0 WHEN THE CYCLE OF

SIX ENTRIES FOR GENERATION OF THE SIX PERTURBED TABLES

IS TO BE STARTED.)

THERE ARE NC ERROR RETURNS.

R2AINT TRANSFERS CONTROL TO MFDIFC UPON COMPLETION

OF ITS TASK.

A) STORAGE REQUIRED - 82 LOCATIONS

B} TIMING - 0°23 MILLISECONDS
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............... INTEG. TO IGNORE ** : ............. :

: E .... : 10,000 FT. TEST :C0:..X: MINUS u INTO:
FROP CCDIFC * tN4NEX •

• I***H•HIHH ** _*'*'*'*o''*''_

**.,•.,*°*•****

"" * 541NTO MCNDCQDEC.

:Oo:..x: _ TINTOTN_¢I+13
iota :4 T INTO TNNDCI_14

*Httem. Q**H•.

R2AINT

• SAVE.XRS .
*AND 2.RR ,_.

• INT0 TNN D_•
• ÷ 0 THRU 5 •
*•••.t*,,s.,•**

,*••t.•,ss•s,,t
• PERTURB •
• CENPCNE_T IN.
• DICATEC BY •

CITNOMNI) BY*
INC ArT •

iltll.lllllllim

,,,,•,.,*...**•

; ta INTO TNNDCI +6(ANCH. T. )

• h INTO TNNDCI +7(STEP SIZE)

0 INTO TNNDCI+8 (T. BKWRD)

t,,e*t•,,•*,m**

• " ° . *••,•••sis.**•*

• •NO •,• •* * 501NTO MCNDCQDEC.

• v * _ o* • • X ! GMTRB INTO TNNDCI+I3IS REENIK * D • -Of•.. •

MODE GI I t • • * * * -01NTO TNNDCI +14

• *o••••°••••*°••

• •NO *_o •s•• 50IN'tO MCNDCQ DEC, m°••.

IS RE_NIRY •l DI• oD2•.+Xs_0INTOTNNDCI+I3 .x C5•

• MODE GE 3 • De••• *e. • GMTIR ]NTO TNNDCI_II •• ° °••
• H*••o•••°,••,•

• * _ES

• •NO **•
• * * °

IS KEtNI_Y •x OZ-

• MODE GI _ * • •

• • " *N_ :..............:
35 h p GTt e • .............. x* ]5 h INTO, INNSCI._ :

............... :.............:
t t a
I_TOTNN: .................. : OOTPOTA._INoTA"_E's_•

• DCI÷g . • TNUNNI INTO •

•••,•,,•,.,•.•°

• • * 50 INTO MCNDC_ DEC.

,C5•.. , -0 INTO TNNDCI+14

• P INTO DECR.,

• TNNDCIeIO •

IND. •
SIEP/OUTPUTI•

OIlcmllttctlltt

: BANK ANGLE :
INTO

• TNHDCI+I_ •

• INTO •

TNNOCI+[| IT*IN SEC. RK *
• INTEG) •

i CITNOMNI)*I
INTO TNUMNI

* Is•HIs•l** *_

*STORE DUTPUT,•
• NO TMBUST) •

*-0 AND I IN P*
• BIT INTO ACC*

• REENTRY WGTINTO :...i co:
• TNNDDI_12 • * •

: ............. : -,.

RESTOME xz : ............... x_ exst t
• Ii2 • To MFDIFC
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61. RSRARF - TIME TO FIRE PROGRAM

R5RARF IS A SUBROUTINE USED BY MYTTF4 AND MYREN2 IN

ORBIT AND REENTRY, RESPECTIVELY. IN THE ORBIT PHASE

RSRARF COMPUTES THE TIME TO FIRE THE RETROROCKETS AND

THE TIME TO REVERSE THE BANK ANGLE WITH A FIXED BANK

ANGLE MAGNITUDE IN ORDER TO HIT A GIVEN TARGET WITHIN A

PRESCRIBED TOLERANCE. IF TMDELT, THE DURATION OF OAMS

BURN_ IS ZERO RSRARF SOLVES FOR A TIME TO FIRE THE RETRO-

ROCKETS. IF TMDELT IS NONZERO RSRARF SOLVES FOR A TIME

TO FIRE THE OAMS ROCKETS IN ORDER TO HIT A 45-NM PERIGEE,

INSURING A DECAY SAFE ORBIT. THE DURATION OF THE OAMS

BURN IS SPECIFIED BY TMDELT WHICH IS COMPUTED BY MYTTF4.

THEN THERE IS A FREE FLIGHT INTEGRATION AFTER WHICH

RETROFIRE OCCURS AND LASTS FOR 22 SECONDS, FOLLOWED BY

AN INTEGRATION TO IMPACT AT 10, OOO FEET. THE DURATION

OF THE FREE FLIGHT INTEGRATION IS 720 SECONDS MINUS THE

CONTENTS OF TMDELT, THE DURATION OF THE OAMS BURN.

IN THE REENTRY PHASE RETROFIRE HAS OCCURRED AND

EITHER A BURNOUT VECTOR OR A DIFFERENTIAL CORRECTION

VECTOR IS INPUTTED TO RSRARF ALONG WITH THE LATITUDE AND

LONGITUDE OF THE TARGET. RSRARF THEN COMPUTES A BANK

ANGLE AND A TIME TO INITIATE ROLL METHOD OF HITTING THE

TARGET AND BANK ANGLE AND TIME TO REVERSE BANK ANGLE

METHOD NECESSARY TO HIT THE TARGET. (SEE FLOWCHART.)

INPUT

A) TABLES -

TMRARF

TMBLST

TMRSFF
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VOL III REAL TIME PROCESSORS PART It - ORBIT/REENTRY

TMRSOM

TNREEP

B) PROCESSOR -

NOCPNI

C) LIBRARY SUBROUTINES -

U3DOT U3XPR

COS VMAG

SIN SQRT

ARCOS ATNAB

ARSIN

D) SYSTEM MACRO -

QTSX

El CONSTANTS -

K00240 KO02.0

KCH233 K003.8

KO060. K030.O

K,IRAD KRTNM.

KOOINF KCFTSC

KO00.4 KCGUNM

K00.36 KOOTI.

K060.O KOOCI.

KOO.PI KOODI.

F) COMMUNICATION CELLS -

MCZRWX

MCTYPE

MNCPNI

MCPWGT

G) CONDITIONS ON ENTRY -

AC-RSLNG

MQ-RSLAT

TMETTY

KBNKLE

LONGITUDE OF TARGET - FL.PT RADIANS

LATITUDE OF TARGET - FL.PT. RADIANS

ESTIMATED TIME TO FIRE - FL.PT° SEC.

FIXED BANK ANGLE - FL.PT. DEGREES
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OUTPUT

A)

TMDELT

TABLES -

TMBLST

TMRARF

TMR5FF

TMR50M

TVVSQA

TMRORF

TNREEP

DURATION OF OAMS BURN - FL.PT. SEC.

LOCATION NAME UNITS

TMRORF TIME TO FIRE FL. PT. SEC.

TMRORF+I TIME TO REVERSE B_ANK FL. PT. SEC°

+2 BANK ANGLE FOR TIME TO

BANK BANK MOVE

+3 TIME TO INITIATE ROLL

+4 BANK ANGLE FOR B-TIR

MODE

+16 LATITUDE OF IMPACT

÷17 LONGITUDE OF IMPACT

÷18 LATITUDE ERROR

÷19 LONGITUDE ERROR

B) COMMUNICATION CELLS -

NONE

C] PROGRAM PARAMETERS -

TNRF

TIMRB

BNKLE

GMTIR

D) CONDITIONS ON EXIT -

FL. PT° SEC.

FL. PT. SEC.

FL. PT. SiC°

FL. PT. RADIANS

FL. PT. RADIANS

FL. PT. N. M°

FL. PT. N. M.

NORMAL RETURN - TMRORF TABLE CONTAINS THE STORED
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OUTPUT PARAMETERS

ERROR RETURNS - AC CONTAINS A FIXED POINT ERROR

NUMBER

WHICH MEANS THE FOLLOWING -

ERROR NUMBER REASON

I ZL IP WAS NOT GENERATED

2 60 BANK ANGLE WAS NOT GENERATED IN ELLIPTICAL

BOUNDARY COMPUTATION.

3 GMTRB NOT GENERATED IN PARTIALS.

4 GMTIR NOT_GENERATED IN PARTIALS.

5 NEITHER CCNVERGE IN PARTIALS.

6 TTF, TIMRB ERROR IN PARTIALS.

? ERROR - LONGITUDE ITERATION EXCEEDED MAXIMUM

NUMBER.

8 ERROR IN TTF OPPOSITE BANK ANGLE.

9 ERROR IN TTF BOUNDARY COMPUTATION COMMON FUNC-

TION SUBROUTINE.

lO ERROR IN INTEGRATION TO D ALTITUDE SUBROUTINE.

31 ERROR IN INTEGRATING WITH THRUST IN LONGITUDE

COMPUTATION.

12 ERROR IN ELLIPTICAL BOUNDARY COMPUTATION.

13 ERROR IN IST GUESS IMPACT FOR TIR, B MODE.

14 ERROR IN TIRN IMPACT GENERATION.

15 ERROR IN INTEGRATING TO BOUNDARY IMPACT FOR

TARGET OUTSIDE IN CROSS RANGE.

16 TARGET OUTSIDE F.P. IN DOWN RANGE.

17 ERROR IN ELEMENTARY FUNCTION IN PROJ - RSZML.

18 ERROR IN ELEMENTARY FUNCTION IN G6OIM FOR

CRMAX COMPUTATION.

19 ERROR IN ELEMENTARY FUNCTION IN TIR IST. GUESS.

20 ERROR IN ELEMENTARY FUNCTICN IN TIRN ITERATION.

21 ERROR IN ELEMENTARY FUNCTION IN DTIR COMP IN
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PARTIALS.

22 TARGET OUTSIDE FOOTPRINT IN CROSS RANGE, WE

INTEGRATED TO HIT BOUNDARY HOWEVER.

23 TARGET LEFT OF FOOTPRINT IN DOWN RANGE.

24 TARGET OUTSIDE F.P. IN TTF MODE.

25 ERROR IN B, TIMRB INTEGRATION IF PARTIALS

BLEW UP.

26 ERROR IN INRVB INTEGRATION (TIMRB L).

27 MLIP WAS NOT GENERATED.

30 ERROR IN B, GMTIR INTEGRATION IF PARTIALS

BLEW UP.

11 ERROR IN INTERPOLATION IN RSIWT IN LONGITUDE.

32 ERROR IN INTEGRATING TO IMPACT IN LONGITUDE

ITERATION.

33 ERROR IN INTERPOLATING IN RSIWT AFTER ROUNDING.

34 ERROR IN INTEGRATING WITH THRUST IN R51WT AFTER

ROUNDING.

35 ERROR IN INTEGRATING TO IMPACT AFTER ROUNDING.

METHOD

THE METHOD IS BASED ON MR. J. RUTLAND'S PAPER,

BACKUP REENTRY GUIDANCE AND CONTROL PROCEDURE FOR GEMINI,

PUBLISHED BY NASA MANNED SPACE CRAFT CENTER, HOUSTON.

THREE DIFFERENT MODES ARE COMPUTED.

1. TIME TO FIRE AND TIME TO REVERSE BANK WITH FIXED

BANK ANGLE. (COMPUTED IN ORBIT)

2. TIME TO REVERSE BANK ANGLE AND BANK ANGLE WITH

TIME TO FIRE FIXED. (COMPUTED IN REENTRY MODE)

3. TIME TO INITIATE ROLL AND BANK ANGLE WITH TIME

TO FIRE FIXED. (COMPUTED IN REENTRY MODE.)

ALL THREE SETS OF PARAMETERS ARE COMPUTED USING SENSITI-

VITY COEFFICIENTS, I.E., DIFFERENTIALS RESULTING FROM A
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PARTIAL TAYLOR'S EXPANSION AS FOLLOWS -

@T _o + _ AtF +_ AtRB= 8tF _tRB

_T _ + 8_ 8_ AtRB
= o 8-_F AtF+ 8-_RRB

d@ o = 8-_FAtF+ 8_RBAtRB

8k 8_

dk ° - _t F AtF + 8tRB AtRB

WHERE

4_T

X T

)t
0

= LATITUDE OF TARGET

= LONGITUDE OF TARGET

= LATITUDE OF THE ''FIRST GUESS IMPACT''

= LONGITUDE OF THE ''FIRST GUESS IMPACT'' POINT

At F = UNKNOWN CORRECTION TO TIME TO FIRE FIRST GUESS

A t_B = UNKNWCN CORRECTION TO TIME TO REVERSE BANK

FIRST GUESS.

_0' _0 IS THE IP COMPUTED USING tFO AND tRB 0 WHICH MUST BE

REASCNABLY CLOSE TO THE FINAL SOLUTION IN ORDER TO INSURE

CONVERGENCE. EQUATIONS I AND 2 ARE SOLVED FOR At F AND

AtRB. THE PARTIAL DERIVATIVES ARE SOLVED FOR BY PER-

TURBING TIME TO FIRE AND THEN BY PERTURBING TIME TO

REVERSE BANK ANGLE. IN THE TIME TO REVERSE BANK ANGLE

AND BANK ANGLE MODE,At F IS REPLACED BY AtRB AND AtRB IS

REPLACED BYAB.

IN THE TIME TO INITIATE ROLL AND BANK ANGLE MODE At F

IS REPLACED BY A_R AND AtRB IS REPLACED BY AB.

A. TIME TO FIRE MODE -

IN THE TIME TO FIRE MODE, THE TIME TO FIRE MEANS

THE TIME TO FIRE RETROS IF TMOELT IS ZERO AND THE TIME TO
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FIRE OAMS ROCKETS IF TMDELT IS NON-ZERO. THE STEPS ARE

CONVERGE ON THE LONGITUDE OF THE TARGET WITHIN A

PRESCRIBED TOLERANCE USING THE EQUATION

WHERE -

RF RF
t 1 = t O

(X T - ko)

(We- WE)

w c = w capsule

WE = w earth

(3)

WHERE -

A IS OBTAINED BY INTEGRATING THROUGH RETROFIRE AND
0

TO IMPACT USING THE ESTIMATED TIME TO FIRE to, WHICH IS

AN INPUT TO R5RARF. THEN THE FOLLOWING ITERATIVE EQUA-

TION IS USED UNTIL THE CONVERGENCE CRITERION IS MET.

THERE IS A MAXIMUM LOOP COUNT OF 15.

(4)

tRFN+I RF (AT -_AN) (t_F RF_= tN +
AN kN- 1) tN 1)

THE CONVERGED VALUE IS DENOTED AS to . NEXT, THE

TARGET LOCATION IS CHECKED TO SEE IF IT IS IN OR OUT OF

THE FOOTPRINT USING NINER'S METHOD.

IF THE TARGET IS IN THE FOOTPRINT A FIRST GUESS FOR

TIME TO REVERSE BANK ANGLE IS OBTAINED USING A DENSITY

ALTITUDE PARAMETER METHOD. THE FOLLOWING EQUATIONS ARE

USED.

B = FIXED BANK ANGLE, @2JBI 21 90 1

C = CROSS RANGE DISTANCE FROM TARGET TO MIDDLE LINE

OF FOOTPRINT.

W = MAXIMUM WIDTH OF FOOTPRINT.

C
D = f (_ B) OBTAINED BY A TABLE LOOKUP (5)
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WE NOTE THAT O _ LN(V2/a)-

WHERE

V IS THE RELATIVE VELOCITY AND a IS THE RELATIVE

ACCELERATION

LN (V2/_ IS INTEGRATED DOWN UNTIL IT MATCHES THE D

VALUE FROM THE TABLE LOOKUP. THE CORRESPONDING TIME IS

SET EQUAL TO tl_ 0 OR THE FIRST GUESS FOR TIME TO REVERSE

BANK ANGLE. USING tO AND tl_ 0 WE INTEGRATE DOWN TO

IMPACT. THE IMPACT POINT IS DENOTED AS _0 AND@o -

USING EQUATIONS I AND 2 THE DIFFERENTIALS At F AND

_tRB ARE SOLVED. INTEGRATION TO IMPACT MUST BE PER-

FORMED TWICE IN ORDER TO COMPUTE THE REQUIRED PARTIAL

DERIVATIVES.

THE DELTAS COMPUTED IN STEP 5 ARE ADDED TO THE FIRST

GUESS FOR TIME TO FIRE tFO AND THE FIRST GUESS FOR TIME

TO REVERSE BANK tRB _ INTEGRATION TO IMPACT IS PER-

FORMED WITH THESE VALUES. IF THE IMPACT POINT IS WITHIN

ONE MILE OF THE TARGET CONVERGENCE IS OBTAINED. IF CON-

VERGENCE HAS NOT BEEN OBTAINED, THE LAST VALUES COMPUTED

AS A FIRST GUESS ARE USED AND REPEAT STEPS 5 AND 6 UNTIL

WE DO CONVERGE. THERE IS A MAXIMUM LOOP COUNT OF 4.

AFTER CONVERGENCE THE OUTPUT PARAMETERS ARE STORED

IN THE TMRORF TABLE AND THE NORMAL EXIT FROM R5RARF IS

TAKEN.

B. TIME TO ROLL, BANK ANGLE MODE -

THIS METHOD OF NAVIGATION IS USED AFTER RETRO

FIRE HAS OCCURRED. THE INPUT TO THE PROGRAM IS THE

TARGET AND THE BURNOUT VECTOR OR A VECTOR FROM DIFFER-

ENTIAL CORRECTION. THE STEPS INVOLVED IN THIS COMPU-

TATICN ARE -

THE ZERO LIFT, MAX LIFT AND MINUS 60-DEGREE TRAJEC-

TORIES ARE COMPUTED IN ORDER TU ESTIMATE AN APPROX-

1088



VOL III REAL TIME PROCESSORS PART II - ORBIT/REENTRY

IMATE FOOTPRINT.

A NORMALIZED FOOTPRINT IS COMPUTED BASED ON THE

EQUATION OF AN ELLIPSE.

THE MAXIMUM BOUNI)/LRIES OF THE ELLIPSE ARE -

YM _--CRMAX J1 - _2--_2
• 36

(6)

WHERE

X E NORMALIZED DOWN RANGE OF THE TARGET

CRMAX _ MAXIMUM WIDTH OF FOOTPRINT (NORMALIZED)

YM E NORMALIZED MAXIMUM CROSS RANGE AS A FUNCTION

OF DOWN RANGE

THE TARGET PARAMETERS WITH RESPECT TO THE FOOTPRINT

ARE COMPUTED. THEY ARE SLANT RANGE FROM THE ZERO LIFT

I.P.t DOWN RANGE AND CROSS RANGE AS INDICATED BELOW.

-60 I.P.

R w

DR _ DOWN RANGE IN RADIANS.

CR E CROSS RANGE IN RADIANS.

R E MAX. DOWN RANGE IN RADIANS.

SR E SLANT RANGE IN RADIANS.

THE NORMALIZED FOOTPRINT IS OBTAINED BY DIVIDING THE

PARAMETERS BY THE MAXIMUM DOWN RANGE. THE NORMALIZED
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FOOTPRINT IS SHOWN BELOW.

..-.Target

ZL
A

CRMAX _- .085 approximately

I ML

xZ/
y _ CR _NORMALIZED CROSS RANGE

R

X __ DR HNORMALIZED DOWN RANGE.
R

A FIRST GUESS FOR BANK ANGLE IS COMPUTED

B1 = f(x,y)

THIS IS A TABLE LOOK-UP FROM RUTLAND'S PAPER,

A FIRST GUESS FOR TIME TO INITIATE ROLL IS COMPUTED

BASED ON CURVE FIIS AND EQUATIONS BY NINER AND HOOVER.

YD =

D O =

DI I.

D 2 =

X = (90-B1)/30 (7)

(((DoX+D 1 ) X+D2)X)= MAXIMUM NORMALIZED D,R.

-°0483

.175

.2433

C O

C 1

C 2

C 3

YC

R

= { ( (Co X÷C 1 )X+C2 )X+C3)- MAXIMUM (8)

CROSS RANGE

-.0037

-.0035

.02177

.067

NORMALIZED FOR B1

ISR)/ + YD
{9)
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TO

TI =

T2 =

T3 =

RTM =

THETR =

YT : (liT OX+T1)X+T2)X+T3) (I0)

: 2.046

-3.0g

1.884

.0584

f (THETR,B 1) REENTRY TIME

LENGTH OF FOOTPRINT IN RAOIANS

(II)

DTIR = (RTM) (YT) _ TIME TO INITIATE ROLL REFERENCED

FROM BEGINNING OF BLACKOUT. (12)

TIR = TBO ÷ DTIR (13)

USING THIS VALUE FOR TNR AND B1 FOR BANK ANGLE

INTEGRATION IS PERFORMED TO IMPACT.

THEN THE FOLLOWING ITERATIVE EQUATION IS USED TO

CLOSE UP THE SLANT RANGE.(TIK N_TmN_I)

OTIR = IRT-R N)
(RN -RN_I)

TIR N =

WHERE

TIR N + DTIR

(14)

R T _ SLANT RANGE TO THE TARGET

R N _ SLANT RANGE TO NTH. I.P.

RN_ 1 -= SLANT RANGE TO N-IST. l.P.

TI_ _ TIME TO INITIATE ROLL FOR NTH ITERATION

TIRN_ 1 _ TIME TO INITIATE ROLL FOR (N-I)ST. ITERATION

AFTER THE SLANT RANGE ERROR REACHES THE REQUIRED

VALUE THE FOLLOWING QUANTITIES SET -

TIRO = TIR N

Bo = B1

d¢o = CT - ¢o

d2b = XT - I o

(15}
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THESE VALUES ARE USED AS A FIRST GUESS FOR EQUATIONS

I AND 2 I.E.t THE DIFFERENTIAL OR PARTIAL DERIVATIVE

ITERATIVE COMPUTATIONS USED TO REFINE THE VALUES FOR THE

GUIDANCE PARAMETERS IN ORDER TO MEET THE REQUIRED CONVER-

GENCE CRITERION. THIS METHOD IS EXPLAINED IN A, TIME TO

FIRE MODE. NOTE THE CORRESPONDING CHANGE IN VARIABLES

(16)

- _ _tlR+ _ _B
d@o - Stir

d_o = StiR AtRB + 8B AB

THE NEXT STEP IS THE TIME TO REVERSE BANK ANGLE AND

BANK ANGLE MODE OF COMPUTATION.

C. TIME TO REVERSE BANK, BANK ANGLE MODE -

THIS MODE OF NAVIGATION IS USED AFTER RETROFIRE

HAS OCCURRED. THE INPUT AGAIN IS THE TARGET AND THE

BURNOUT VECTOR OR A VECTOR FROM DIFFERENTIAL CORRECTIONS.

THE PARAMETERS COMPUTED PERTAINING TO THE TARGET POSITION

IN THE NORMALIZED FOOTPRINT ARE ALSO USED.

THE FOLLOWING STEPS AND EQUATIONS ARE USED.

YB = 11(B13X÷B1)3X+B2)3X÷B3)E IST GUESS FOR 117)

BANK ANGLE

B0 = 3

B 1 = -IO

B2 = 33

B3 = -90

B1 = f(_ - FROM RUTLANDtS PAPER

D = fix,}9 E LN IV21a) AS IN I5) (18)

AN INTEGRATION IS PERFORMED UNTIL LNIV2/a) MATCHES

THE 8 VALUE FROM THE TABLE LOOK UP. THE CORRESPONDING

TIME IS SET EQUAL TO TRB O I.E.t THE FIRST GUESS FOR TIME
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TO REVERSE BANK ANGLE.

USING TRB AND BO = B1 INTEGRATION IS PERFORMED TOO

IMPACT. THE IMPACT POINT IS DENOTED AS X AND

THESE VALUES ARE USED AS A FIRST GUESS FOR EQUATION;

I AND 2 I.E.) THE DIFFERENTIAL OR PARTIAL DERIVATIVE

ITERATIVE COMPUTATION USED TO REFINE THE VALUES FOR THE

GUIDANCE PARAMETERS IN ORDER TO MEET THE REQUIRED CONVEk

GENCE CRITERION. THIS METHOD IS EXPLAINED IN A) TIME TO

FIRE MODE. NOTE THE CORRESPONDING CHANGE IN VARIABLES.

O(b___ (I9)
AtRB +d_o- OtRB OB

AB

d X - 0_. OX
o 0tRB AtRB + -_- AB

D. IF THE TARGET IS FOUND NOT TO BE INSIDE THE

FOOTPRINT OR IF WE DO NOT ARRIVE AT A CONVERGED SOLUTION

A COMPUTATION IS PERFORMED TO HIT THE BOUNDARY AT THE

POINT WHICH IS THE CLOSEST DISTANCE FROM THE TARGET TO

THE BOUNDARY. THE FOLLOWING EQUATICNS ARE USED EMPLOYIN

NEWTCN'S BOUNDARY VALUE METHOD OF SOLVING SIMULTANEOUS

NON LINEAR EQUATIONS.

2 b 2 _(x - e) 2 [ 20 )
g = y - (1- 2 )

a

f = (x- 0) 2 + (y_d) 2

IN ORDER TO MINIMIZE F WE USE THE LAGRANGE MULTIPLIER

METHOD -

(21)
o---L + = o

Ox Ox

o___f_f+ >o__g_= o
OY OY
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8f = 2(x- c), Of
O-'-x" -_- = 2(y - d)

_g 2b 2 8g =
8x = --_(x - e), 8y

a

2y

2b 2
2(x- c) + _,_(x- e) = 0

a

2(y-d) +X2y = 0

2 (d-y) 2(c-x)

2y 2b 2
(x - e)

a

b 2
(d-y) (x- e) -y(c- x) - F

a

2 b 2 (x - e) 2
y - (1 - 2 ) --G

a

(22)

EQUATIONS 22 ARE THEN SOLVED BY THE STANDARD RELA-

TIONSHIPS OF NEWTON.

Xi+l = Xi _ [ Fi _Giay' - O._--_iIOF /D

(23}

OF 8G

fi+l = Yi-[Gi ax i Fi _-Xi ]/e

D __

OF 8G OF 8G

8 X i 8Y i 8Y i 8X i

THE ABOVE ITERATIVE EQUATIONS GIVE THE APPROXIMATE

FIRST GUESS FOR THE NORMALIZED BOUNDARY COORDINATES WHICH

IN TURN GIVE THE FIRST GUESS FOR BANK ANGLE TO HIT THIS

POINT CN THE EDGE OF THE FOOTPRINT.
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USING THIS VALUE FOR BANK ANGLE INTEGRATION IS PER-

FORMED TO IMPACT. THE RADIAL ERROR FROM THE TARGET TO

THE I.P. AND THE ASSOCIATED GUIDANCE PARAMETERS ARE

STORED IN A TABLE. THESE SAME PARAMETERS FROM ALL PRE-

VIOUS INTEGRATIONS HAVE BEEN STORED IN SEQUENCE.

A MINIMUM LOOK-UP IS NON PERFORMED ON THE TABLE OF

RADIAL ERRORS. THE MINIMUM VALUE AND ITS ASSOCIATED

PARAMETERS ARE THEN CHOSEN AS THE POINT OF NEAREST

APPROACH.

A PERTURBATION IN BANK ANGLE IS THEN MADE AROUND

THIS MINIMUM POINT. BANK ANGLES ON EITHER SIDE OF THE

MINIMUM ARE USED TO OBTAIN TWO MORE IMPACT POINTS.

THESE 3 POINTS ARE FITTED TO A QUADRATIC TO OBTAIN

A NEW ESTIMATED MINIMUM AND CORRESPONDING BANK ANGLE.

USING THIS BANK ANGLE ANOTHER INTEGRATION IS MADE AND

STORED IN THE TABLE. A NEW MINIMUM SEARCH IS MADE IN THE

TABLE AND THE RESULT MAY EITHER BE STORED IN THE OUTPUT

BLOCK OR FURIHER PERTURBATIONS MAY BE MADE AROUND THE NEW

MINIMUM POINT BE DECREASING THE SIZE OF THE DELTA BANK

ANGLE.

USAGE

ENTRY FROM AND EXIT TO MYTTF4 IN ORBIT (TTF) MODF.

ENTRY FROM AND EXIT TO MYREN2 IN REENTRY MODE.

A) CALLING SEQUENCE -

I. REENTRY -

TSX

o_MZE

o_+l

oI+2

RSRARFt4

VECZO,O,O

ERRUR RETURN

NORMAL RETURN

THE MINUS SIGN IN THE FIRST WORD OF THE CALLING

SEQUENCE INDICATES REENTRY. IF THE DECREMENT OF THE
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FIRST WORD IN THE CALLING SEQUENCE IS NON ZERO, THE ZERO

AND MAXIMUM LIFT I.P.'S ARE NOT COMPUTED. IF THE DECRE-

MENT IS ZERO THE ZERO LIFT AND MAXIMUM LIFT I.P.'S ARE

GENERATED.

THE ADDRESS OF THE FIRST WORD OF THE CALLING

SEQUENCE GIVES THE LOCATION OF THE BURNOUT VECTOR OR THE

VECTOR FROM DIFFERENTIAL CORRECTIONS TO BE USED AS THE

REFERENCE POINT.

2. ORBIT -

TSX

PZE

e+[

e+2

ERROR RETURN

NORMAL RETURN

LAGIN, DINI AND TINI

DTBLEt DATBLt TLRCR,

RSRTM, TBFDR

THE PLUS SIGN INDICATES TIME TO FIRE MODE.

B) STORAGE REQUIRED -

I. INSTRUCTIONS - 2773

2. CELLS - 532

3. SUBROUTINES - 382

4. TABLES - 4076

C)

TOTAL T763

ACCURACY -

NUMEROUS CASES HAVE BEEN SUCCESSFULLY RUN WITH

TARGET POSITION SELECTED IN ALL AREAS OF THE

FOOTPRINT. A LARGE NUMBER OF TARGET POSITION

OUTSIDE THE FOOTPRINT WERE RUN TO TEST ERROR

LOGIC AND THE COMPUTED PARAMETERS FOR CLOSEST

APPROACH TO THE TARGET.
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D) REFERENCES -

I. SUBROUTINES

GMDINI - DOUBLE INTERPOLATION SUBROUTINE

SHARE #239.

UTNTP - FLOATING POINT INTERPOLATER BY

KUNKO, GODDARD

GMTINI - TABLE INTERPOLATION SUBROUTINE

OLS ZTVN

LAGIN - LAGRANGE INTERPOLATER SHARE

2. ANALYSIS -

''PAPER ON TTF RECTANGULAR BDRY LOGIC I' -

MR. E. NINERt GODDARD

''DELTA COMPUTATIONS'' - MR. E. NINERt

GODDARD

''BACKUP REENTRY GUIDANCE + CONTROL

PROCEDURE FOR GEMINI 'I BY MR. J. RUTLANDt

HOUSTCN

''ELLIPIICAL FOOTPRINT COMPUTATION AND

MINIMUM RADIAL ERROR COMPUTATION'' BY

MR. Ro HOOVERt GODDARD
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• • * eYES
e •" . • •

• coex is SWITI=0 • ........
• e •

R5LAT = C(MQ) !
• ETRBB 0

• ETIRB = 0 •

• ETF'TB 0

PCONT 0

TODRAG / 0

DEC(I, 4) = R5ZMT

i
EINTF

• • *•*.HmHt*•*•*

• •NO *TNRF = TMETT_
• IS THIS •

• swrrI = 0 SW2_
• REENTRY • .............. X•SWBPe

• CII,4) tT 0 •

• TIMRB OO
* •GMTIR OO

_ES BNKLE KDNKLE

R5TIR

• I,_ INTO *
VECZ0, _...X BSs- TSX RSMSU,4

e e
VECZO÷6, _ •llOls

..... i_:_ .... .... •.............. g

_B4 me* TSR RSIHT

• * ERINT

• YES •eel

NOTE I - • IS THERE AN IX C8 •
ERROR - 1113*

TEMPI - C(AC) (k r - AN) • • ••'•

TEMP2 (TMBLS_I_ (TMBLST + 4) • _0
TEMP2 (TMBLST) (TMBLST + 4) - (TMBLST + 3)

(TMBLST + i)

TEMP3 ( T IV[13 LS TI 2 _2

TEMP3 (TMBLST + l)_ (TMBI_S'I_ 2 X 2 _ y2

TEMP I X_" - .'_"
TEMP2 = _ - K. 0MEG) = [(_

TEMP 3 X2 + y2 - WE I

TEMPe (_r - _N l) *KO0. UT :: "•

- (W C - WE_ TSX CONVG. _•

(_r - N-I) ""...............•

(W C - WE)

SV_IT1 = NON 0

• RSLNG INTO *
• TMIMPP_2 INTO•
• AP *

•e•***•.•......

•••e••••••..•••
e •

• lSX LONC Is

_e•*s•s•*l••••_

SEE NOTE i

SEE NOTE 2 •

:x .................

R5 K

! •RSLNG-TMIMPP•
• 2 INTO AC•

•°•H°°...°.•,•

• 1 • TEMP2 C(AC)

-• 2 e _TEMPI

:_0 ;• .X•(TNRF _ TRFMI) (k r - k)
o*

TEMPS TEMPI-DTRPN

i

• •YES _•--.

IS /OTRFN/ Gt *x CO *
EPL_G • 1IO21

• *,,*

• * _U

• •YES •1•1

• IS {KBNKLE/ •X AO•
GT I • L099•

• • * •

NO

BNKLE-KBNKLE*TINRB-KOOINF•

.•**•ee•e••s.•°••

TSX LONC •
• e

.•e••••...•••••

RAVE

• •e•**e.**•••.*o. •**.

** TSX RSOUT *1_ 08**

• I0_9*

e

• * RSIFC

• •YES •.*.

IS THERE *x B4 •
CONVERGENCE II0[*

_o

• TEMPI = C(AC)

** (}'T - X)

**TEMPI = (TNRF TRFMI)

*(_T - _)

NOTE2- _•••••*•*e*•••_

TRPMI TNRP • L CONE- i •
CONE+I•

TNR[," COS 10___ 0T) (TEMP5) + TNRE _*..•***e.*•*•_

LIMIT TNRF TO UPPER ENI) OF TABLE - 4M

LIMIT TNRF TO LOWER END OF TABLE + 4M

• TMINPR+2 *
• LONMI INT0 _C•

• • ERRI

• • •YES ••••
• * * +

IS t CONT GT iX RO•
I0 • flit•

• ••*•

• • _o ...x:co:

*•.••••**•••e•.

** •• .H••

TSX LDNC iX OZ•

•••eale*••**••*
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• * RSIJK * •

:.... • .Y_s . • .v_s : ............. :
tAO • IS DTRF GT • ............ X IS TEMP 5=0 • .............. X_ DTRF=.5

• • • 0.5*ee

_o

CONIE

**o, _LATT = TMIMPP + i = _-60

:A*:.-X_LOm = TmMPP +Z= X60
o* *TNRFI: TNRF+ TEMP5

• * _0

: ............................... X.

CONIE
*°*••,,,*o**o°,

• 0T_F=-.5 **..X At,

: ............. : --*

RSNMA • * R5NUB

• • ° -NO • " " -YES "'_'''••°•'***•'_

• IS MCTYPE LT * * ............ X * IS SW_ NOT = * * .............. X: TMRORF,_ = :
O. EMERG AREA • • KHNKLE •

• . . ..Hoen*•.°*,*,

_ES _9

RSRE_ _A_E

w...e*ooa*,°*•*

el° t eBNKLE =KBNKLE "IP w

• * iTSX RSOUT

• *o TMRORF + 4 TMRORF + 2 •* •

TMRORF + 3 TMRORF + I

TMRORF + 18 = 0

R5ISB

R5BPL * • RSISB

• •YES * •YES

• IS KBNKLE GT • .......................................... X IS RSLAT LT •X gg*

0 TMIMPP+I • •

k
• RSTFC

• ° mYES •*•*

* IS R5EAT = eX 84••

TMIMPP+I • llOl•

• NO

• • *NO

IS R5LAT GT
• TMIMPP+L •

• _'ES

* ° _WO

k
R_IFC

* * *ND °**•

• • IS R5LAT GT * *_ B4 •,

TMIMPP÷I • ILOI°
• **••

_ES

ANITA

............._ ....

........................................... X: BNKLE=KBNKLE:.•._ AO•*
" • • llOOm

• mm••

_mm•••••oo•moom

R5NUB+2 X RAVE

:.............: -T_ORF +9_T_MPP+, *-- :.............:
• • . tM_ORF*_. . x:T_moRF+_Pp+_ :o,'..x:RESTOR_x_s imBBm.,X-RBNK_E TARGET_ ............... NORMAL EXIT
• • * OUTSIDE F,P,• ,TI_ORF + 18 =(R5LAT • • • FROM RSRARF

• m • •-TMIMpP + _ (KRTNM) •'• •

RAVE

_Ro_':_;" "_C_* *: ..................
-TMIMPP + m :.*._ D8: • EXIT :

(KRTNM) • TRA 3,4 •
TM/IORF = TNRF : •mme me,*m**eeeee••e

TMRORF + 1 = 0

*Og9



oA0 i, ISX _tS_? •

e*+ • **
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• .N9

• CO.R IS IRI = 0 -X Ag•
• • . t • •

• • ECPPB

• " IYE+ l*e•

IS THERE AN -_ AL +1

• ERROR • LLI7-

_o

• TSX £ONVG

+*

•m,,••*l..,,l,•,

RSTFC

• eYES •ewe

• • IS THERE • +_ B ++11

.:O,,VERGENCE."!I0.I"
• _o

i

• LATe + I TMIMPP _ t 0 + 60

_LONI + I TMIMPP + 2 _ + 60

k T_LATI + 2 RSLAT

3 INTO [RI

NOTE 3 -

_r'L _ _rr x V--"_ - _ -60 xR + 60

_"_ - ]TLx fix -
RAMG = /_/

RLMG = /_/

RLAMG /A-_/

-_ _"_ R_
CRTMI = 60 SIN _

ABVCT /ERTMI/

X

SEE NOTE 3 •

eleee•eoeeeeJeee

• _CRMAX/" •NO : ............. : ....
• S_2=NONO " * •

• /CRTMI+4/ • * ......... A.SSITI=0 BNKLE....X B_ •
..... • = -KBMKLE • 1098eIS TARGET

• rE. P. • • LCONT'0 • •+*1

• _ES "**•*

• .+ ....... XI 0_•

GTDVL

T_RGET
OOTSIOE E.P-

GET IP FOR
0PP- SANK

AN_LE

GTDVL

"* "C(MQ) = (CWI'M_ +

"0_ • x_(CRMA_,
_'' *C(A_ :-/KBNKLE/

ee _•••••,eI•**H•

FIN£

°. _.)•..•._ •44•!

Ls:.._E NOTE] •

• ,NO ,•"

@
• IS C|IR|) = 3 -X AS•

• • _ES

_ °

:SEE NOTE 2 :

:............. :

• CRMAX _ 3 CO8 -I

:ml 3

NOTE 1 -

SLAT... SLAT + 2

SIN (LA'D.,. SIN (LAT +2)

CLAT...CLAT + 2

CO8 (LAT), . . COS (LAT 12)

SLON... SLON + 2

+ SII_ {IA)N_...S_ (LONI + 2_

CLON... CLON + 2

= CO6 (LOND... COS (LONI + 2)

RI1 * I (CLON + I) (CLAT + ])

B12 + I - (SLON + _ (CLAT +

RI3 + I - (SLAT + l)

NOTE 2 -

VEC1 : RII = C(_-60) C(¢-60)

VECl + 1 _ RI2 = S(X-60) C(_-60)

VEO1 + 2 = RI3 * S(_.-G%

VEC2 = RII + I = C(A60} C(4_0)

VEC2 + I _ RI2 + 1 - S(_0) C(_)60)

VEC2 + 2 = RI2 ÷ 2 - S(_60)

VEC3 - RII + 2 _ C(XT) C(_

VEC3 + 1 _ RI2 + 2 - S(_T) C(¢I_

VEC3 + 2 = RI3 + 2 - S(@T)

X MPACI
¢' TS|AR

• • TSK DINI 1•

• D : C(AC)

: TMKARF + 16 : C(AC)

i2.; :'rl ]:2...

Louet i

• TRRARF*I$" •

• KOOINF SNKLE -I
• RBNKLE •

.:

.. :_-;_'": ....

• H•

._ t$x CONW •**_IIOt•A0*"

ILO0



_ee.

• A0 *

°e*

GDPAR

STTF

VDL III REAL II_E PEOCESSORS PART l| - ORBIIIREENIRY

e

• *YES

IS THERE • .......................

• CONVERG •

e

:,0

• RSLNG- •
• TMIMPP÷2 INTO•

e AC

:e•••ee.•im,e•*

•*•*••*••,•o,*•

• •e

e TSX LCN£

• t •e

••He•*H,•e•we

• t

• SEE NOTE 4

_e•.••••••e•**e

R51FC

• • •e•
TSX RSPCP e • • •

• • COMPUTE • eB4 ,°X• TNRF INTD ACe
PARTIALS • • ITI_RB 1NTO Me•

• l •• •H •
• •°,.••••liH•• *o•••••e•o•••o*

• X ................ ° ...............

X
•••e•°•°tHH••

• TMRORF= C(AC)•

• TMRORF + I : ,

:.cl.M.QI:.Y.M.._..:

• • RS_ER

• • • •YES "•••
• EMERG. AR£A * • •

• IS MCTYPE LT •X A_ •
0 • log9*

• ••e*

X RSTIR
•,,•**e•e•e•eee
• * e••e

: TMRORF÷2" :,..; BSee

eKBNKtE SWRF=0t II03•

••..Qa_ttttQQJQ

••e*e••*•••e•ee

• ENTER

• PROJ •
e•ee•eeeeeeeeee

_••o•••••eee*•_

• SAVE XKS •
• COMP. NORMAL -•

: IZED TGT :PAKAM.
••••ee•e••••e••

}'HIT = C{AC)

LAMT - C(MQ)

A -C(%L)S(_ML)-C(_L)S(_ZL_Ci_ -XZL)
B = C(¢ML) S (XML - hZL )

Bz=c(_T)s (_T- XZL)
A 1 S (@T) C (OZL) - C (OT) C (IT - AZL) S (&ZL)

SITHT _ CA 'z + B '2

SITHR = (A 2 + B 2

PSI - TAN -I (B/A)

PSIT - TAN -I (BI/A I)

THETR S_q -I ($1THR) - LENGTH FP

CSTR - COS (THETR)

TNET SIIN -I (SITN_ = SRT

SPMT SIN (PSI - pSI_

THTAC - SIN -1 (RPMT x SITHT) = C

Sm (0T) C_ ( @-¢T )

SIN (SL) - COS (0C)

TCOTR - TKTAC/TI{ETR = C/R

THETL - SIN -1 (SI_ (SL) _ L

TLOTR - THETL/THETR = L/R

SIT HR = THET/THETR - SRT/R

• . EPROJ

• . : .............
• eYES

e • XEC PAVE TXI•

IS THERE AN • .............. X• PAVE÷I• 4 [
• ERROR e _RROR FROM

• :.._:;._;a.:
• _o

: _ESTOR_x_s:

EXII

• TRA 2,_ •

NOTE 4 -

DELG1 = C(AC)

DLGI : C(AC)

DEPGI = O T - 8

DPGI = 0 T - O

SWRF : + 3

BNKLE : KBNKLE

C(MQ) = TSTAR

C(AC_ : TNRF1

1101
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• **m***m****.***

: R_ZR_"TER .:

RSZNL

• • eCRMAX*|THTAC}|

SAVE IRS _ act .oXelRRTNNI RSCNN •
• • • -TCOTR •

: ............. ! "'" : ............. :

• • RSTGT

• * *HO _** ..... • .....
• eISWNNTzL_RSZMT=O*ML- • e ............................................... X_ Ac.RSLATRsLNGINID

• • INTO MO

60 ° I1,S _...,....,,**._m

_ES "

i

*TIMRB KCCINF. • •• • PHIZL TMIMPP + 1 ." •

:TRVIBOdl INTO : _ _ X: TMRORF + 20 PHIZL TSR PROJ
• AC , ,B3 .. • LAMZL TM1MPP + 2 me ,"

_eeee*•mm•*•m*, •• * TMRORF _ 21 LAMZL• GMTIR K00INF maaa*ma•aam**mam*

BNKLE ; 0

. i

• .YES * •
• m

IS STFOR°O IS • ........ • TSX RSIMP
THIS TTF MODE • •

: VECZO_ |NT0:

*mmmHeH*m•••m

_X .................

leeeeel•eemeeee

• GMTIR=CIAOI

_emm**eeeeee••_

• • RSMNG

• •YES **,•

• " IS THERE AN • •_ " CI'*

ERROR lilT•

• PHIML TMIMPP + 1

• TMROIIF + 22 PHIML

LAMML TMIMPP + 2

* TMRORF _ 23 = PHIML

* •NO _RT :THET

IS THERE AN . .............. xmTLTR TLGTR TL/TR

ERROR • •TCTR TCOTR TC/TR
• • THET

• • •LATT= SITHR =_ETR

• _E$ • * CRTMI THIAC
.......... X• B i ABVCT /CRTMI/

1117"

EPCAD

Z_AVE

• RESTORE IRtS_

EXIT "

• IRA lt_ •

••••*•..m**mm•t

• TSX RSXNP

• e •
.ge.eem_lee•@•• •

*• TSX CONVG •

• • • *NO **•

• IS THERE AN • •_ B3_
• ERROR • • •

_ES

...*.*•**•t*.*t

! .... V" :

• . .• THIMPP•L
• IS THERE • ........ *CO*..X• =PHIZL

CONV. • m * * THIMPP+2*
• ••* • LAHZL •

_ES

RAVE

TMRORF * I KI0000 * *••*

TMRORF+3 K1000O _..._ D8""

TMRORF + 4 o • 1099•

TMRORF + 2 o • •••*

TMRORF + 19 (_T- _)

TMRORF + 18 (_T - O)

**•*•*•••°.,m••,•

m: TSX CONVG "• ............ x •

L102

• * RbZtC

• YES •***

IS rHER_ ° •_ •

CONY5 ll03m
• • *••*

• _o :*'*.
.......... x* 40 *

1103.
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e

e • R$CHE RSZLC

:... . . -No ....... : ............. :•
• AO • IS STFOR • *_ B6i* _BO'..X_ TRRORF*I
• • t NOT=O REENTRY • |||6e • • • =KIOOOD

• **eiellt••***l*

;Es

*DOeX TSX DINI *
e • • *

• GMTIR=KOOINF•
•T1NIRB=KOOINF•
• 8NRLE=RBNKLE•

"** TSX RSIRP _*

*•.....••...•**. •

• R56NG

• • eYES ••••

• |S THERE AN • •_ CO••

ERROR lilT•

_o°°oo*-ooo•••_

• TMIMPP+| |NTO°
• AC TMIMPPe2 •
° INTO MQ •

••*°•*°***.•*••**

TSX PROJ e•

••°.....°°***.••

• • •YES

IS ST JR=O • .......................

_o

• TMRORF*3 * TMRORF•3=
• =VECZO+6 • • TRVIBO•3

.X ................................

RSNRV

• TM]RORF * 2 _ 0" -•••

iTMRORF*4=0: _ "
TMRORF + 19 '''°ll_''

• = XT -X • •*••

TMRORF + 18 = _T - _

C(AC) = 3

RST|R

:BSe•.x: ETIRB=0EIRBB=0 :

• • • LCONT=O •

°*- ° SWRE=0 *

BI=CIACI •

eYES
• TCTR GT O. •

• TARGET N OF !

• CENIER LINE •

• _o

: Be INTO AC : ...........

..............: ::
.o

o.

R

• -Be INT0 AC

_X ................

CORBG

• • _•*••

AT •
BNKLE=C(ACI,_•.•X

BI=CKAC) • IIO_•

EPCMX

• ° eYES ••0*

m IS THERE AN • •_ 85••

ERROR • LlL7•

• • • ° ••*•**

.._ ....... h_L"
••0*

e°*••e*•••e••••e•

• ISX RSRSU,4 :•

*•••••••*°*•••e•* GET MAX LIFE

: Z oLI......• TSX R5ZML • DEG• INPACT
POINTS AND

RELAT

•H•H•*HmeH•

NRICP •

• • eYES

• TCTR = C(ACI •

• Or Ot TARGET • .......................

N OF CENTER •
• LINE •

_o

:.............: :.............: ...
• CIACI=TCTR : ................. x: CIMQ)=TLTR :..._ D0:

:
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e. : ............. i
!Bo!,!  o.x:
-* : ............. •

CORBG

,.. : ............. :
_AIe*.X_ RLITLTR e

. e *

• ** _*aH*,Htm**e*

e°el*,*eee**el*

e_ Y0 ; (((DOX + DI) X + D2) X + D3

DO = -. 0483 K00DI

• DI =. 175

• D2 . 243:3

D3 0

• • ETLFP

• • • eYES •la•

• TLTR LT O, * • •
• TARGET LEFT •x Bl *

OF FP • |liT,
• Hi.

*'° ISX RSQOC ..

• TEMPI RL4 e

C(AC) 1 •

_(RL-.4)2/.3G

I•IHe•HHH•*

e•••.••••••••*• e*ee•e*.•el*,*•

" TEMP4 C(AC) YD - DBMAX •e " TEMPS C(AC) YC CBMAX

" MAX. CROSS RANGE

, NORMALIzEDMAX"DOWN RANGEFoR BI °C3_*'Xee NORMALIZED FOR BI

,*,Co(,AC_ • eTE,Mop 3 " ,e **..............

e*•e**,e*eee,,e

• e*,•*e,•e•e,e*• ; YC ((( COX + CI) X + C2) X + C 3

• _ TSX SORT • _ K00CI C o -.0037

"•••••••••,,,,,•• C I -.0035

C 2 .02177

. C 3 .067

• * TOOR
• • •••*t••*.••••e•

• •YES •••• * • ee•

• • IS THERE AN • e_ B1 •. •* TSX RSQBC •-_ C3_

• ERROR • ill:" "• •e e•,•,

e • eH•H•*•HmH•

••••°••°°•.°°•e

TEMP5 : (TEMPS) 2 (CBMZX) 2

C(AC) _ (TEMPJ) + ('rEMP4) 2

C(AC) (CBMAX) 2 _ ([)BMA_ 2

t-eeee••e•°e*••,•

e • TSX S_RT

e•ee••e*•e..•e•••

* TEMP2 g_SLOp +

:/aSCMW_

• ELIPB

• • eYES ••••

• • IS THERE AN * -_ ACee
ERROR • lilT•

• •ee•
• •

_0

e •

t • • eYES

• ,TCTR/ GT *
TEMP2, TARGET • .......................

OUT- SIDE IN •
• CR •

;,o

_ee•••.e*e•..e_

BNKLE-BI •
e

_!t!11111111111

e'•••'e''t'••*ete ••.

• • • .
TSX CHKBL •X BOe

• ••.••••••••.•••• t•e

TOCR RSTOC

:,R.._,OC,S,: :'''.
• T&EGET OUT OFe...X C6 •
• F.P. • 1121•

,,,••o,••••••••

: TEMPS "_ (CBMA_ 2 + (DBMA_ 2

DMAX

i LATS DTARGET THETTEMP7 - _PS " _ " _R ) /DMAx

C(MQ) -TEMP7 = R

A(AC) = I

• •

• •

• *NO ..•e••

• IS R GT I eX AO •
• 110_1

i • i111
e •

_t•.eoeee_•**e_ e•.•

: ,eN..-, :...; ,o'.
• 1105•

: ............. : ....

1104



•.. : ............. :
:AO*..X: C(RCl- •
• • • TEMPT-R •

• "* :....•••••**•.:

VOL Ill REAL TIME PROCESSORS PART 11 - ORBIT/REENTRY

NPL51

••'. i .............! .••. i .............! "" :............. :
eBO•..X•TNREEP_ INTO• ............ CO*..X• TIRI = AIAC)° :O0•.*X: RPN=THET :1.." :

• e•eee••e•e•e•e meeeeel•e•e•e•° •e•eoeeeel•elo•

ee•*••••**°••°•

: YT _ (((To X + T1) X + T2) X + T3)

K00TI= T O = 2.0487932

T 1 = 3.0930269

T 2 = 1.8838221

T 3 = .088443894

•°ee••••°°.•**•

°• TSX RSQBC ee

°•e•••e••ee•*•** °

0 - IMPACT
FOR tlRlt Bl

:*•e•e*•••e•••_ ••**e*•ee*•*•****

* BNKLE=B| • e
e GMTIRfTIRI e • e TSX LBJ

eTINRBffi K00INF• • •
• • * °
• *•e*•••*°eem•• **•*•**•*******

**•e•*ee•e*•e•*e• _*•eeee***•*°*_ ee,•

e
• TSA RSI.P * _ OTIR-C(ACI=|aC) _...; AO •

• • • TIRN*OTIR e IIOb e

• ••••••m••oo•e•• ! :oeol•eeeeeeoe: •••e

• eee*****•••••° • *

•* TEMP 7 = YT = T[R CUBIC VALUE• * •YE S **•

eC(MQ) = THETR = LENGTH **B3**X • IS CIAC)= e •_ C0_

° OF FP IN RADIATIONS • • • TNREEP+3 * • •

•*C(AC) = /]31/ •• * e • ••e

• _o

X •
• •••••°••°•°••e • •

*NO *•*• HTR R5RTM, 3, 8 •

_HTR 3,0,10 • • IS C(AC| GT • *; CoX

* RTM = F_THETR, BI) TNREEP+3 e • *

:_E...._.L.T,_.A. ". " ...
* .e.

* _ES X e B0*

eee

e•,e•e•e•••••°°••

• TSX OINI •

,•••,••••°,•••e

• , ETIRI

• • eYES ell• =

• IS THERE AN e ,; A5•, _RTT[R-RI_(T[I_H- TIRML)

ERRQ_ • LLLT• (RN-RNM1)
• • e•••

• °

_o

•e•e••*•••*••*•
• e

• • TSX CONVG *
• e

**•••••••°°••••

t TIRCV STIRB
• * ***.•eele**•*•*

eYES.. :--. : .....
• IS THERE • ........ •DS *.X• C(AC)=GNTIR _..*; CT ••

CONVERGENCE • • • • CINCI=ENKLE • IX06•

_o

X

** TEMP1 = C(AC) = RTM

e TEMPS = (TEMPI) (TEMPt)

: = (RTM) (Y_ = DTIR

• C(AC) = TNREEP + 2 + TEMPS

C(AC) = TBO + DTI_

i

• YES •••
• eTBO+ OTlR GT ° •

TNREEP+2 eX B3_

° CIAEIITBO • • •
• +OTIR • •°•

* *_O

• YES **•
• tOO+ DTIR " °

TNREEP.2 *; e3:

CIaC) - TBO * •
• oOT1R • •°e

• _o

eTHINPP÷I INTO*

• AG TNIHPP+2 •
• INT0 HO •

GET OR AND CR
• e TSX PROV e• THET SLANT

• RANGE

• EPTRI

• " eYES ••*•

• * IS THERE AN • -_ B6 e*

ERROR• • _11_-

_O

_••*e••ee••*••_ e*•

:TNREEP+2 INT0:...; e3:

• AC • • •

:.............: ---

NPLSI
•••*•*.••ee•e.e

TIRML = TNREEP + 2 • *•e

RPNMI = 0 e...X DO -e-
TIRN = TIRI e

LONI = TNREEP + 3 • •••

+60
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• • • ETIRN

• IS TIRN ÷ • I •to • • ••.•** • *NO • • .YES J•e•

• AO * OTIR LT • ........ ,BO•X IS THERE AN • JX B2 •

• • • TNREEP÷2 * ERROR * Ill?-

;ES

: C,AC_: :
• TNREFP*2 •

:× .................

• "IS C{AC) GTON_

• (TNRFEP+)) + • ........

• 60

_ES

CIAC)=ITNRFFP+)I t:

60

_x .................

x

,eHt.,.,.HH,

• EIRPI:C(AC)

..........,,,at

*. . •o..

_o

• : TSX CONVG ••

• TIRCV

• " • •YES ,,,•

• IS THERE " •_ DS••

CONVERGENCF , El05*

• ••°•

_o

i C(ACI=IRIMPP,+l. CIMQ}= •

TPIMPP÷2 •

°o,,••,•••••,,,o,

Z TSX PRON (GEI •• TF4ET SLANT °

RAGE F_r RPN)

IH,tH•,O••.,••°

• EPTRN

• " •YES ••e•

• IS THERE AN ° •_ Alm*

• ERROR II17.

• •°• •* TSX RSPCP "•

LCONT*ILCON[: _ •C6oX (COMPUIL -• • • PARTIALS FOR •

: .............. *" *.._:_:._hL"

• DIFFER

• •YES ••o

IS DTIR tr -x Bg,

• EPTIR • • •
• • H,

• • NPLSI STIRB

• •YES ••m* *,, ,

IS LCONT LT 2 ° mE D0"• _C7•..X: CIACI=TIRTMRORF_= i
• I105• • • • TMRORF*_

• • ..•• eme • =CIMU)=_ •
• • i**,JwH•..o.•J

o

NU

:•o°oo•,•••,•,:

RPNMI-RPNTIRMI=TIRN !
TIRN=TIRPI

• GMTIR=TIRPl •
Ha•,H...,.H•

DIFFER

• ,•,.•,•,*,,.To ... H _,.IHI••,H*,: m•t

TSX MSIMP "X BO I *Bgo..XoSEE:AI)JACENT_..._ Cb_

• " • • " • NOTE

• ••H•••,••••,•• ,.. H ••••*•mJ,••,••_ *••

BATRU

• ° "YES ''•*
• STFOR NOT O • * *

IS THIS "X AO •
REENTRY • ll0?•

• • _o :****
.......... R• B6 •

ltl6"
eH•

RSCHE

NOTE

I)HIGI TMTMI)P_ I

LAMGI TMIMPP t 2

DEPGI R5LAT-PIIIGI

DPGI DEPGI

DLG1 DELG 1 _ h T LAMGt

SWRF _ 0

(C(A_ T]LRN

C(MQ) = BI



8AtRB

... : ............. :
;Ac'..x: ClAC)=3SW_F=-3 i
• * • ITLTRI

•". : .............

VCL Ill REAL TIME PROCESSCRS PART It - CRBITIREENtRY

... •.............
•*Bo,..x: c(_c)=tctr : ..........................

.. ..............:

.g*.H*O•.HHI**

• T$X RSPSL e.

• : tsx RSCeC *.

tENFO JETZT

i.............i :.............:
;BII..X, C(AC)=ICIR • ................. X; GI_C):TLIR

• • •

•- :.............. :.............:

(TSX R5QBC)

YB (((B0) X * B I) X * B2)

X _ B 3

K00BI B 0

B 0 3

B 1 = -I0

B 2 33

B 3 -90

B1 YB _ f(T LTR)

_°.°•o•°.Hm•i!

B] /c (at)/ •

" "o •*°o o• °•

TSX UIN[ * *D3*X TSX LUNC

PIE

(TSX DINI)

HIR DATBL, 2, II

• HIR 2, 0, t8

• " *YES D = LN(V _/_')-

• IS I(B_KLE LT " " ........ D:f(L, C)

Re

• ,YES

• " _ B I = B z ' : •

• " H
• • _c ::

:x ................ :

•l.mael•HoHtm

C(AC) = B l .

• m•*...4HI.gQ

.

.

:X ................

._HOaH*t•IH*

• BNRLE=CIAC) •

i_*maaHt..H*_

.oo*.o•*.•..**•

: ............. : : DSLGI = C(AC) ..... ,

• DLGI C(AC) :... _ BO •

D-CIACI ; • S_F -;) * II08*

i....,.•...,.._ * PCONT o * **°"

" C(AC) TSTAR •

C(MQ) Bt

:-•*=.o••.*=.=:

• GET IST GUESS,

• I.P. IBI, •

• TSTAMI •

-o.*•°.o•°••.,*

TSX INRVB

*" TSX CONVG. *

TSX C_KBL,4 •

RSIBI

• " " -,ES :.............:
• l• THERE • • .............. X_ CIAC)=TSTAR

• CQNVG. • • • CIMQ)=B 1

_o

• * TEMFC

• YES •'"

...... ....X• BC•

PHIGL = TMTNIPp + I • *•• •*-•*•***...•••

_MO_ :_M_P +_ 1...io_: ! ExIt :
DEPGI, RSLAT -PHIG1 . • STRB8

DPGI = DEPGI • •'• •••'••.•-••*••-

C(AC) = R5LNG -LAMGI •

1107
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{COMPUTE •
•*ROe• _ PART|ALS FOR •
• • • T[MR8• B •
Qot • MODE) •

_•mmm.t*•e•••._

[ TRRORF.L-
C(&CI-TIMRB

; TMRORF*2-C{ACI-B[
•..,•.,•,••,on

• • RSRBB RSNRV

• * . .,_ :.............: :.............: ....
ETI.R-O N* ............... X: ETRBB-O NO ........... x: C(AC)-4 :..._ CB'"

TIR fR_OR TRB ERROR _ ......• • I111•

_*HOHHHeH0 ••HH.H,'•'I_ a0J•

• _ES

k
• RSNRV

• • . .,_ :.............: ....
ETRUB-O, ND • .............. l_ CCACI'3 [.°._ C8 •e

• TRB ERROR • • fliT,
• H•.

_Es

_RVE

;.............: ....
• TMRGRF+LR-O • • •

• TMRURF,Lg-O •..°X D8 •

mOTH MODES ° I099•

• CCNVGD. ° •-•o

RSPCP

: .............
: s,vE _RS :

tOOP_

• • • TIMImCIRC) *

eC6 ,.X• TIM2+I-CIAC)•

_,• _ BETAI'CIMQ) •
BETA2-CIMQ) •

• TSX CONVG •

TAV

• .,_s :.............: ....
• PCONT'O • •

IS THERE • .............. X• IAC|-T ML _...x fig •

CONVG. •

• • RSPOR

-NO •.••

IS PCON! LT 4 • •_- C6 ••

ll20•

• • _ES :*;'.
.......... X• 0 •

llOgm



VOL el! REAL TIME PROCESSORS PAKT el - OR_ITIREENIRY

... :..............
:AO*.. X: PCONIPCQNT+[:

-. : ............. :

_°*°e*•eee*te*_

_DO_..X_BETAZ+I=C(AC}*

**. t •

• • • CTTFD

• • •YES _lll**•*a*ll*ti

• IS SWRF GT O " ................................................ X:
7 _

C(AC')

• • • • *..i*----e***

A
CTIRD

• • ***HIt--t*HO*

• • • *YES *11 • *. **'l•*•***e**ml*l

• IS SWRF = O • ........ :B2 • TSX RSTRD tl ISX R_T_L !1

• • • * • ** • *
! ! !11 I!!111111t!t111 ! !i1111t!11111t!il

• .............. . : ............. : : ............. :

.- 1. !OELTA- !A 'i !OELIA-£,,C,i
TIR DELTA TTF DELTA

• ............... * : ............. : : ............. :

** **
DELTA+| _ TSX RSBND .* TSX RSTBO

• =C(ACi • •

:liiito*l.•wi. *eIw----IIIH--**** ***--**l*°.t,oi. °

SIDTM

i ° •NU •el•

o °
I

I

IS SWRF LT 0 *X A0 •

ILl0•

_ES

STOTM

• eYES •lie

IX A0 •IS KNRKLE GT
lifO•

• **--

.

• * •Y_S

IS BETAZel LT • ........
O

_0

STDIM

• BETA2+I=O _..._ AO•• "
* lllO•

: ............. : ....

.. .............. . : ............. : : ............. :

• : !DE .... l- ! " •
• TSX RST_D • CIAC). BANK *DELTA_I=CIACi°

ANGLE DELTA * TIMRB DELTA •

RSCMG STOTN

: ............. : : ............. : : ............. : ....

: DELTA=C(AC} : ................. X: BNKLE=BETA2 : ! (DELTA+I)BETA2tL= :.°.; Aoe*
• TIMRB DELTA • +BEIAI * lllO*

. • STDTM
e •

• •YES •*el

• IS BETA2+I GT IX AO •
0 IllO*

. H**

STaTM

:.............: ....
* BETA2+I=0 _°.o_ AO ° •

• lllO•

:.............: ....

• TSX CHKBL

.*

:••°*e*•oe*•••:

• BETAZ=C(AC) •

: BNKLE=BETA2÷*DELTA+! •

• •tOIIml°l•lO•••• 0•0

." ,sxD,,BL DO_

° ° °



STOTM

... :.............:

• i:A0°°oX• TI_?= TI_E*

DELTa

•.. :.............:

VOl IT[ REAL TIME PR()CESSGRS pART II - GR_ITI_(cENTRY

LUOP3

• . :.•***,HH*•.: *..*•.*.•..°•••

:BO_..X_ CIAC): _ DLDB +2.2 DLG2' 2,2 - I)L[H _- _TIM2÷2,2 _ •°°• DKLTA ' 3_

• ° _ CI_Q)= •C0'''X* -
"" ..._I:_:_:L._ ""• • ,.'OB-_,_ _LT_ ....

• CTIRD

• eYES ••°°

IS SWRF-0 *x B2 •

• II09°
• • ***•

• TTE USE RSIWT

TIIE, B USE BSIMP

• TIMB, B USE I{SIMP

LTt_

! c,Ac,. . : .ISX CLFPA/BANKLE/ * °

CIMQ)= THETR*

....*.***•....••

• TSX GTRTM.4

• TEWPL=CIACI °

: T_.P?: :TBO÷TEMPL

• LUUP3

.

.NO --.
• • ° °

• Xa2=0 ?r:D *X BO.

TIME rHRU

• • _fS

x
.*°..••.,••..,

• TEMPI (PLOB) (PPOB,I)

: DETER (I'PDII} PLDB,1)

• - (PLDB) (PPl)I3 4 l)

. RSBET

• ° RbP'.IR

-'''------ --:_'H_5_T.._,°_°•';'IVIIMPI',I • " * "YES ....

• LAMG2 _, 2 TM1MPP+2 • " ° "

••PI'IG2,2,2 RSLAT * DETER = o •x 56 •
If20*

• -PHIG2,2, 2

C(A,C ') RSLNG - LAMG2+2,2 • • • •

• ,_t]
o

TEMPI (PLDB) (DI_]I)"

_, I)ELB1 {PI'DBXDLGI)-IPLDB } {DDGI I
DETER

TEMPI PPDB+E) OLG!)
....... ! ....... I)ETIR (_LDB+I} I)1_;I_ (I)PDB+I) {DI,GI}

DklkI

• " BE'FA4 BETA1 - DELBI

°s•.••s.•••••.•• •° C(MQ BETA,t

°

-YeS

IS TOt GI • ........
OETA?¢I •

NO

RSCIK

°

•••••.****•*.*:

'_ BETA2*I= •
* TOE*f0 •

_x .................

• r_CCK

• • °
IS TOO tT •x Ag.

BETA?*°

° • _ES

• • • * • R_CCg:.............: .".............. :.............: ...
IS RTM ¢ YES TSX CLEPA "• bETA2¢I- _..._ A_:

• TNREEP ¢2 GT • ........ • DLG2÷2t?= * • IGET IMPACI • : DELTA+I=TBO÷10TIM2 • CIAC) • • POINT O•-I • " "

• ° • • :..•••••••••.•: •,•••.••••°.••••° •*°.•..••°••°•°*bETAZ+I-BETAI" °••

:.*•.•••°.*•••:

: TIM2-RSTM •
+TNREEP+2-IO•

• DELTA-TIM2 *

• -TINI *

;X .................

• * °YES

IS TNREEP÷2 * ........
TIN2

ee**°H**H•,•e

: rtM?*TNRE_P :

• ÷2el0o DELTA-I
• TIM2 - TIMI •

titlti111111111

-"x ................

• *••••*.•.••••• :••*•••*°.°..°:

• • R5LNG- •TSX CONVG :TR,.PP;_IN,o:

• ••HHH,H*** *•**••H•*•,°•*

• .NO •*• •

• • WAS THERE .X co: ISX LONC

CONVG. • • • •a

• *••

_'ES

*WE CONVERGED

• C(AC) : TIM2+2,2

: C(MQ) _ BETA 2+2,2

LOOP6

• OLGi-CIACI * •
• DPGI-RSLAT- • ................. X. C(AC_-TIR4 ....X Cb *
• TMINPP•I - * C(MQI-BETA_ * 1108•
•PCONT=PCONE*|*

RSCCK X LDOP3 TAV

• . : ."', p..
• R_...x. _._ - _ .... x _o. .e_ ..x. RESTOREXRS• ............... X; _Xtt
• • • • • • • • • TRA Z.6

lllO
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:-.*.°°*,**o.*:

SAVE XRS :

o°***°.**.*,**:

GTRTM

: SAVE XRS

:°*.*,...*****:

• TIRR:C(AC)

* BETAR=CIM_] *

H*..,..m**,H:

°*-**°°****°°*°*o

TSX OINI,_

******.,.°.°.,*** e°

BTRH

• * ° eYES _ TIMRB=TIR4 •

• IS SWRF LT 0 • .............. l_ BNKLE=BETA_ • ...........

• GMIIR=KOOINF°

• ° HIH*.••..°°.:

ROLLC

• * "YES : GMTIR=TIR4 *

IS SWRF = 0 * .............. Re BNKLE=BETA4 •

• • IIMRB=KOOINF*

:X .................

MUV-2 X

_*°°*e,°°*,***_ *°**••,***••***
• TNRF TIR_ * * TSX RSIMP °•
• TIRRB : BETA4* * (INTEG. •

• GMTIR=KOOINF* IMPACT, O, _ *

e•*•*e,••*••**, *eee**,,••,**•*,

TEMP|=C(AC) •

• °

- " " .NO :.............:

• i• 150 LT/= RIMo • .............. X: LIMIT THEM

lTl= b00 * NOW.

• * ,*

" • _ES

IOHee*.eHI*H

• INRTR=RTM •

O°.HW*elOtH.;

• * RSPOR NINER

• * *YES **** _*''**'***'***_

TSX RSTWT . • IS THERE AN e -_ C6"* _ RESTORE XRS

• • ERROR 1120 e

_o

• * MUV

• " " .No :.............:

IS THERE AN • .............. X_ RESIORE XRS

• • ERROR • •

• *•**•e=e•***•°•

". ;ES x:'=*
1120•

RSPOR

••*•*e.*•*****•

• EXIT

* TRA 1,6 •

EXIT *

• TRA 1,4

llll
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RSIWT

SAVE XRS

,*•*********,**

i ......... izTNQF

RbNTP'TNRF

_****,o°,H,,•*

*R5NIP PZE **, o, **

: PZE TNINTG,, TMRSOM

• PZE I,, 1

*INTERI_LATE FOR
VECTOHATTNRF

°_ TSX UINTP *•

ss****•***.****

ETEKP

• * ° *Y_S °•*••

• IS THERE AN *X D8 °

• ERROR • * •

°

X

:*•**•,*•°*,*.°

***° *SET UP TMRSEF_

*BO*..X° TABLE FORNI
- * • THK*J FREE :

• • * ELIGHT •

***.,°*,•°*****

UNUNS

.. :_h'B'_s'_'IF"h'c,,w_T -* :.............:
• " *TRETHO÷4 - ] ST 6 * * • TF(kTR0+2), •
-CO'..X" TMIL _ reDO°. X° =TUSCCH +_0,*

THETRO_5 TISCCII_25*TNRF* ° " * 1 PITCH, •
• ° °TRETHO,6 TP, I£TRO'5 _II -° ° ROLL, va_ •

.,H,**.*.*.*°.
TRETBO, 7 TRETBO _6 _l'I

•".............. :OC._&*?_;J_b_,_.
TSX MPCPNI °° ° TO SCCH +21 C(I',I(_)

• lINInG. THRO • :CANTANGI,ER TOSCCII +IG, C
• rKEt El IGHT )
• ." -(I) TIIRUST LI-:VEL TO SCCII ,

• ***'*''*''°*•* l_ Xlll

• * TV, ETI_,O, I, I

• *YFS° * *" . ." C(AC)

I c, THt_I- AN * ........ *C2*..X*TIiETRO+2,0 :
• FXrOR .• * •

. .•..,•.H*,.*.*

7 ........... :C(MQ)

TRETRO+12, i :

C(I)
• TRVKET÷4, +_•
*[NTU TMBLST+5*

•*****s**°,*•*°

HH**•°°..HH

• •
" °_U ***

• * xb_t=o _T_ * *_ C2_

TIME IHKU * * •

:°°**°•*-°•*,._

,H*....*,,....

R5LLM

• " ._o :.............: -. :.............:
• WTMR_OM*_ INT(}o .° • • TRETRO _I& * •

• _MOELT - 0 * * .............. X. TMBLSTeS. • ........... •C@*..xe |-TOSCLH+g_,•

• • TMBLST÷6 • I-ORIENT. -
TNRF

_e*eo_*_•emle_ .. m. • ANGLES •

°.

RSKG_ ::
..

..

::
°•

::

:x ............... ::

EXTRA X UNUNS

IMBLST_|) ••..X C01

"R_TRE • • • :

_............._ ....

• _ES

.SET UP TMR5OM . • * *NO •**

"TABLE FOR NI * TMBLST. * •
TMHLST¢5 _ XR['0 _TH "_ Cb _

_SET UP TTOAMS • TIME THRU • • •
• TABLE FOR THRUSTER _ -TRVRET÷_TRVRETC9 • eee
HHHHH**•* H••HH*HH•*

• _ES

•.••°.•••••••*•**

TSX MPCPNI •• (B.O. VEC *

TRV0&M) •*

x

• ,****

XRI=O IRO •x DO*

• TIME THRU ° • •
° *°*

_ES

• TRETR0÷2_, •

: =TUSCCH+L_-MASSEXP,

_°.°**HH•**°*

: _ate Stt :
TRETRO+2_

• [THRUST IN0.I•

• C(AC)-RSN[_ •

•H.°••H*•°H°

•*••*•°*•*°°.•*

• TSX NPCPNE °•

• EKINT

° * ° *YES *•••

• ° ° •

• tS THERE AN •X C8 •
• _RgOR • llL_°

_o

i _X,T :
GBOV

ETERP

: ............. : ..... :_ ..... :
• • * * * • *INTERPOLATIN_
• XRI - _ *...X DOs *DS•..X* VECTOII

• * ETHRS

X_ X_IS THERE AN * .............. SET UP ERROR- ............... EXIT *

• _RROR • • RETURN • • TO TRA 11_

• • • •H•

.._?........_o.

1112

*s•**•••***••••

EXIT

1'0 TRA 3,4 •
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RSIRP

:e.*t.**l*lteJ:

: SAVE XRS •
•
••emioettetelet

INRVB

GBOV • • RSREN

• • " oN0 :.• ........... :

• • STRDR=0 IS • t .............. X_ XRI-T

THiS TTF •

• • :*Hoa•to•e•eel

* _ES

::.............T,RAR,.,-_: .". i.............i
TRVIBO÷3 (T - oB3o.,xo TNRARF¢7tl •

• OF 6RNOUT) • • • • =VECZDeTtI •
• XRI = 6 • *• •
• ••ieteeteteet• ••ooae••••e.eee

X • •
He•tEa•°•••tee • •

***. * • * *NO **..
eA4e.oX• TMRARF÷6 I _ * • XRI=O 7TH aX 83 _

THRU •eo•l : =TRVIBO+I_,I• TIME "elm

• ••••.o•••e•wo• •

"_ES

X

• • • • .••*•***••.*..*

• eYES • •

e • XRI=O 6TH • • ............ X e TSX CHKBL Zi
TIME THRU •

• *H*HH•a•••a* •
* e • •••

:._? ....... : AA:

ºm.

:a•*•*•*t•••••: •

_ SAVExRs .:

••,....•.•..H•

TMRARF+ 16 = D

TMRARF+ 14 = KOOINF

C (AC) = RSNI2

_H•H••a•*••H

:o••°°•aia*••*:

: INTEG. TO :
D=LN (V---)

• ALTITUDE a

O••*H.•a*eH•a

•••a•a°°•*HaH•,

• • TSX MRCRNI

• •.•.°a°•°.••.•• •

- ° ELAGN

* • aYES •** a

• IS THERE AN • ........ :05 • a

ERRO_ ° a °
.°°

°

:÷_C_'+'rs":"{NKLE :............._
• TMRA_RF + 13 = TIMRB

: TMRARF + 14 : GMTm C[AC)=D :

• TMRABF + 12 : MC PORW - TOSCCH+I3:

C (AC) : RSNI i **a***a**a•***_

tea•e•••*•*•***••

• TSX MPCPNI •e

••*.*ae•t*aeaeaa*

a**. a • •NU

aOOeX KBNKLE GT O a ........

_ES

: ............. .
e CKAC)=CRTMI : ...........

:.............i _i

• a ELAGN ::

e• • • • eye S mee ..

:D2:X " IS THERE AN • •_ DS: ""

ERROR a • • .,

. ..

RSXMS

.. :............. : .... !!
:D}:..x:TSTAR= C(AC) : . _( A[•• ".

-. _ ............. : .... ::

..

..

°.

a • ..
a

IS SWRF GT U a_ DO•

• • a ••

". • "'" :.

• - _ES ::

"x .... "

GAUSS
H**•••°•••••o•

: C( AC)=-CRTMI!

-.............-

_X ...............

PRES X R_XMS

**••a•••ae*aa•
.•••••a°°etm••mm a** TEMP2= C(A_

ISx LAGIN
• . TE......E ".: ...;';i:

FOR TSTAR • ° • TEMPI = CRMAX+CRTMI

• :TRBII a ••° 2 CRMAX •°.

ll•••ea•••••aa* TEMP3-(TEB+30-TBB)

CRMAX+CRTME

(BACK UP EQUATION FOR

TIMRB 1ST GUESS)

• ERINT

• * * *YES *** :.............:

• • IS THERE AN • • ........ :C8*..X: XEC SAVE lXl•

ERROR • • • SAVE•LeVel •

• . * ° •.• _.............:
_o

SAVE

•*•*••°***•*.*.

• e TSX RSSPT,6 e .............. X: RESTORE XKS : ............... X: EXIT !
• IRA 2,_

*a..•OH••*••aH • :*_•••*°•.*•H_ •*••°*.H*H•°a
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• • ELAON
. •

°YeS --J-
oH, o • •
• D01X IS THERE AN •x o5""

• • • ERROR lll_•

o• • -••,

a . _g

TSX RSSPT _•

to

oeJ•H••Haae°•

• " °NO

IS C(AC) LT

_ES

SCPA • ° • •

• " °NO

• ............ X • IS SWRF LT 0 ° • ............ X

_ES

KATHY

:.............. ...
• • °
•CiAC)= TB(]+I}O,...X BT:

• ,..

• CIAC)=IB_I :

• C(MQ):THETR •

• • •NO

" IS SWRF G! n " • ........

• _ES

KATHY

• " o_O •.o

15 TSTAR GT • •_ F_7• "

TEI_ • , • .

RAINY

• • °o.

• TSX GTRTM,4 ° : C(AC)=TEL_ •,.,,X• Ht'° "

:••••,••.°.°'°:

: RESTORE XRS :

•••.••••_o°°°..

i EXIT
TRA l*4

o°...•....,•..o

• XKTMI-CIAC).I

• CIAC)=XRTML
+TB_ :

• • MIKE

• • -YES •

D
IS CIACI GTI" • • .............. X: CiAC)=TSIAR :

TSIAR

." :.............:

" • _O

:X ................................

KATHY

m..HIa1•.Ht,.

eeet : TSTAR=C(AC) i
• BT...X- TNRARF_13=
• • . TST_R •

°° :,•.o.....o..,:

: C(AC)-RSNI! :

TSX MPCPN| eX DO:



e.**t,****,**•
_AVE XRS

_DELTA+I =

.(DLG1) 90 COS(B1)
*THETR
••****,****,.•

• RAUS2

• eYES

• IS BET_I LT 0 * • ........

_**,°°°**,°***_

DELTA+I=
• -0ELEA+I •

**,,°H.**tH*_

_X .................

*'°_*,.**°.eH*

TEMPI =

• (DELTA+[) •
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°

RaUS! • •

***• * " *NO

• BO*X • IS DEL_A+! LT • ° ........

" • ;ES

•.*H.*.°.°*•..

°TEMPI= -TEMPLe

.× .................

R

: C(AC)=TEMPI :

.SSTRD

_*•*°°.m°•°,•,_

: SAvE×.S :

_•°••.*•*°°*o°_

CIMO)=TMIMPP+2

° CIAC) •
° TMIMPP+| *
,.°.*.•••°•,•,.

: RESTORE XRS •

°-,°,**°..,e••°

TSX PROJ

. ,°

*m,•o°*.,***••°

FXIT •
• IRA L,4

*•.H*•.**H.,°

* ° EPTRD

*YES *•••

" ° IS THERE AN * *_ - AS',

ERROR • till"

NO

* • ° DELGF RAUS[
" •**,**•*••*,,,•

• " rYES • ,,,

_s TE_P! GT4* . .............. x: TE.PI : _ :..._ SO:

RAUSt

• • • * *YES *°,

IS TEMPi _ • ,_ BO:

DELSP * RAUSI RSTBD
" •*H•••***HH

• • *NO ,m, . •SAVE XRS, TEMPI

• IS TEPPI LT t * *_ SO_ •= 2/CRMAX/C(AC)
. • . _= TRB DELTA =

° * • • •'* •(_ [DPGI)(DRTNM)

• _ES * 21CRMAX
I

• RPN=THEI °

• T[R_d=TIMI •

:.............:

,•*••.••••*o••°*•

TSX RSLBJ _•

mTEMPI = CIAC)•

• TIRM[ = IIRN•

• RPNMI = RPN •

• C(AC) = TEMPI•

RAUSt

: l ....
* TEMPi l •...i BO_ •"

= TSX RSTSI

_*°***ta•e•*H_ •** **••,,•,•H,H•••

°•'•••**•*•,,*•°

TSX RSrSl _•

•.°...•......°.

: EX,T :
* TRA I,_ *

I!111111tt!111t

•.•°***•***..••

: EXIT :

• TRA 1,4
**•-*-**•.H•°*
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RSLBJ

: SAVeXRS :

eteeeeeeIHeoee

_l,,el,,+e,eel_

: T_RP:- AT :
-RPNm|

• TEMP2-RPN •
• -RPNR| •
tee•eRe•tee••J•

RSRSH

• RSBMG

• • ° _°...... ....°._
J__So

w w

• • C AC )"Is TER_Z-0 ......... :s3:..x: tR_,,,_ •

• _o

••ee+e•.l.elvee

• C(AC) =

• (RN - RHML) •

•............. •

RSFOR

.. :_: .......
• • •IRT- RPNMI)_TIRN - TIRMI)
• C3i''Xe RN-R_MI

• • • (3437) • • •

RSJFK i

• RESIORE XRS •

e • • RSFDR

• •NO lee

• • IS C(ACI-O " *_ Ct_
• . •

• •el
e

• _ES *•H_
.......... le B3•

Hi

RSBMG

eeeee**e••.••••

i EXIT :
TRA I14

ee••e••le•eee*•

RSCHE

:ebeo.X: BNKLE#TMRORF_2 :

• • • TI_RR- •
• •_ • TMRORF+! •

I•eHee•eHeele

RSEIR RSNRY
eeeeeee•ee•eeee

eeeeee*eeeeeeee•e • •eel
• el'• • • • •

• e TSX RSOUT • eC7e..Xl ERROR IN TIRe...X C6 •

e e el CIACI'4 • Ill7"

eeee•ee•.••e••• ••eeeee••ee•.ee

• • R_CTF • • RSNRV

• • *NO • e eYES • _He•

IS EEFTg 0 • • ............ I e IS ETIRB 0 • • .............. le ERROR IN TTFe,..X [8 •
• • • • CIACI-6 • LL|7.

e •
iolw

a

• • • e • ••e•eeemeeteeee

. • IES _ • _o

• RSEIR _ RSNRV
• • eemHaHe•••e,•

• • eERROR IN flOlHe •
e IS ETIRB • 0 •i C?_ • AUOES. e...X CSe•

• • • • CIRCI•5 ! 1117•

• • eee" • ;ES : •
.......... Xl DB •

tOQQe
He•

RAVE
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ERRI RSNRV

• • • LONG ITER. * °e •
• AO ..X°EXCEEDED NAX.•...X C8•

:•.. :No.T INTO_C: -...-
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ERTOC RSNRV RSbNG

:.............: ...... :.............:
• TARGET • • • • • •60 DEG IP NOT•

• OUTSIDE FP INw...X C8, °CO ..x• GENERATED 2 • ...........

• CROSS RNGE 22 • • • • • • INTO _C •
• INTO AC • ••• ••• • .

EOPPB RSNRY ETLFP RSNRV RSNNG

.... E_';_"• ...... :.............................
• • • INTEG.TO ...... TARGETLEFT: .'**. :•*. :
• AI ..XeINPACT IN TTF°.,oX C8• •B| ,.XeON FP 23 INTO•,..X CO• eel ..X•ML NOT GEN 71• .......... X
• • • BDRY. 8 INTO• • * • • • AC • • • • • • INTO AC •

•.- :......_ .....: ...... •.............................

ETTFB RSNRV ETIRN RSNRV RSZNG

ELEM. FN IN • • • • • •ERROR IN TIRN- •
TTF BDRY. •...X C8• •B2 ..X• INTEG. 14 •o..X CB_

CORP. 9 INTO• • • • • • INTO AE • •
• ZL NOT GEN L: .......... x
• INTO AC •

EINRB RSNRV ERTPL

: ............. : .0•
• ERROR IN V2/A• •
•INT. 10 INTOI.ooX C8 _

: Ac

:-"_-;A••:
• THRUST INTo •

i IN LONG.
INTER° 31 _ ..........................

INTO AO

ELIPB RSNRV EPCAD

•••A**.X • ERROR IN • • * * • •ERROR IN PROJ•
ELLIP. BDRY •...X C8• *B4 ..X•SUBROUTINE IN• ........................ x.
ELEN. FN I2 • • • • • •RSZNL 17 INTO•

INTO AC • ••- ••• • AC •

ETIRI RSNRV EPCNX

• • •ERROR IN TIRI- • • • • •ERROR IN PROJ•
• AS ..Re IST GUESS *...X C8* *B5 ..X* SUB IN CRMAX• ........................ X.

• • * INT. 13 INTO• • • • • - ELLIP BORY •

AC • ••* ••* •COMP IB TO ACt

EBDIP RSNRV EPTRI

•eeA6•oX • ERROR IN • • • * * -ERROR IN PROJe
INTEG. TO •...X C8• •B6 ..Re INTIR* IST • ........................ X

_.•" _ BORY IP 15 * • • • • • GUESS EONP. •
INTO AC • •-• ••• • 19 INTO AC •

EPTRN RSNRV TOOR

... :.............: ...... :.............:
• • • ERROR IN

T • * " • • • TARGET
eAT .°XiPROJ. IN IRNe...X C8• •B7 ..XeOUTSIDE FP IN_..._ .................... X.

• • *CORP. 20 [NTOe • • * • •PR 16 INTO AC*

EPTRO RSNRV

• .. : ............. : ...
• • *ERROR IN PROJw *

cAB o.X•IN OTIR CONP.e.°.X CB_

_.ee _ IN PARTIALS29 INTO AC _ •ee•"
ett•ttellt•l••l

ERIPL

_X .................

RSNRV _ RAVE

:.............: ..... :....
• 32 INTO AC _ ........... :C8•..X: XEC RAVE TXI•...X D8 •

_ • • • RAVE÷Iw6wl • 1099e
• •m•u•••moeoe_• ••• _•••alll•ettl•_ ••••

ERIWT RSNRV ERNIN RSNRV

• ERROR IN • • • • • •
• INTERPOL. IN'...X C8• •B9 ..X• 33 INTO AC •...X C8*
"LONG. 11 INTO• * • • • " • •

AC • me• ••* • • •*•
o_••oeeel•_•••• •••••o•e_e6e•ee
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..............: :..............

; SAVE XRS _ ................. X[ lCONT = 0 *

!.............: •.............:

SAVE XRS _ " IS ICTR GT 0 "
RSIX-C(4C) *

• RSTY=C(M_) •

_Hm,*HHH,,* " "

_ES

............... x_ CIACI=-mSYLP_

_*HHH*HH''

• • R_MUM

• * •YES ,•i*

• • IS SWRF OT 0 • •_ B2t•

• I[20•

• • • •°••

X RSTS_ • • •

• * *YES • ° * *YES _*••*•••°*'**•_

• • IS SWRF = 0 • • ............ X • IS _STY LT 0 • • .............. X_ CtAC)=-R_TY

_o " • _o "

_x ...............................

,o***,-,*,,°•-*_o

ClaC)-R_TX • _ C(MQI-RSTX :

• TSX TINt •

• HtmH,,H*,**•* _.•***,••,*,H_

RbVI=RSYO iCIACI=RSYLP _ ................. X_ =C(AC)

• R_XI=RSXO

••••o***•••*•°i

EXIT
° K5LUP •

• °°

RNKLE=-B L ! • TSX 0,NI,_ • .............. X_ TEMPI=CIAC) •
TLRCR

• •,*HHH*,I•* •••,H..=•,,+H

• * KEEP

• is ._K_E_E ................ .: .NK_E-._N._E!
. • ***HHH*e*H*

_o

• ,NO

• IS RSTY GT 0 • * .......................

• _ES

COOL

:.............: :.............: ....

:BNKLE- -BNKLE: ................. X: BNKLE'CIAC) :..._ A0''

• lllg*

: : :.............: ....

CIACI=-IEMPL_ • C[ACI=TEMPt

*****•***•**H•

• **** t

• BNKLE=CIAC) _..._ Be •

• * lllgm
• l•e_

li18
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RSCVL AxvE

°,-°°°-.°*,°,°° °o°° *° _°°°°**°****m*_

*'" * _ * * * ° * xEC R5 XrZ °
°CO_..X_ TIMRB=CI4CI *...x B5 * DDO°..X* RS_I=r_BTA

° _NKLE=C(M_I • ll20• ° * * +_O,Z

** _•**°*°,°°°m.*_ •'•• °* **°*****,,°,°°•

• BITE * * WILL
! I

• *YES * *NO *** "'_**°•**'*'°*''_

• IS TCTR GT 0 * ............ X KBNKLE GT 0 *_ A3_ _ RSRRI=RINMM *
RSDLE=I

• * GEONT=0 *
!

O ! @tg

• • ;o • ;ES

k
• • TIGER X THE R5CV2 .o......•4****_XVE DRDBL

• " " .YES ;............._ .,... .... : ....... :.............:
• °

IS KB_KLE LT • • .............. X_ TlRRB= •..=l &k• mC2..•X• GNTIR=CIRC) _.•._ BS°° _02*.•X• RSBBO=RSBB|
• TNREEP+2 * • • • • • C(MU)=BNKLE • ]|20- * • * -RSDLT •

• . , - :.............: ..... :.............: ....... :..............
_o

WILL

• . _'*•***°'''**•_ .,..,.......,,,.

:a3: x: tLmrB:oo : TsxRsOOP._ •

!1 [!11ttllt11111 [ i!!1111tt1111tit I

THE

--. :.............; ... ;.............: :.............:
• • ° RSRR0=C(AE) •

*A4-..X: •Mr°=•• . .B4..x: ,I.R8: _ : . RSBB2oR_BBI:
• • * GMTIR +RSDLT

-- ..............: --- :.............: :.............:

RSTS8

.•*•°•°•••H••.•° °•.°****•••°°..•. .**°..oo°.•***.•..

• • TSX RSIMP _° °* TSX RSIMPt4 m m TSX R50OP,4

* •.
°••°°l°°e.••.••°* °°°**H.•.°,I,o° ° **°I°HHH*.H°

EPBTB

• • EPBTR

.- " "'?...............XiE i.............. : :.............;
• I_ T.ERE'N " ......... " , ..... E _l; . R,R.=c(,_, •

° • AN * KEEP TRYI ,ERROR ERROR _ _ TEMPl=RSRR2-°
ZRSRRl+RSRR0•

_••••***•°°•°_ °HHH°*•H•°.

;o

• ° TSX CONVG •m

°.o•..••°•••.l•. °

• °

_0

R5FUN
****°**•°*•**•* **°°°•H**•*•.° °**m******°.**

• • ** * •m* *TEMP2 =5+
* ° .° . °

• • TSX CONVG •* *C7oX TSX RSMIN °x DOe ° _O R5RRI

. . ° • • . • RSRR2-2R5RRI+RSRRO
• * i° • °•°

W•°•H•*•°•°H• O°°°°*•*°H•°°* *•HH°IH°°°•

° RSCV] RSCV2
• ° • • ° °

e °YES •*• ° °YES m*•

• IS THERE •_ CO. " * IS THERE * *_ C2:

CONVG * • * - CONVG • ° *
° He * **•

• * RSAPE *

_o "" ;oZ.........x: Bg:

R5FUN RSAPE
!!!!1t!!!ti!!!1

*•°*l°°••°••°_ °H°°al*°°,°mH
CIAC1=25 _ °m••• °l°• •

: ERROR 8 ....... C7- "B ...... RESTORE XRS ................. : EXIT :

KEEP TRYING * • • ° * • IRA 1,4
• • •*a ••

°**_O_H***•H° _••..°°°°••°••_ °H°*°*°°o°°o•*

_°o°°°°*,**•*m_

°RSBBIfIR5BBI-_
*RS_BU)ITEMP2)*

+RSBB0 *

• °•°•°°m°****°°m° *J*•

TSX R5OOP,_ **_ A0_

• .. _"
**•.°•°H.....°
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_... • *YES

•*A0•• • IS GCCoNT÷2 GT * .......................

• _o

•*•HtH*HI•*•

: GCONT= !
• GCONT_I

:*...*,,,HH,*

• RSMUm

• ° " •NO *** **'•••'*•*°***°'*

• "IHSBI_I-R_I_BI/ ° • ........ _B2•* • TSX RSMIN

• RSBEP/ ÷ • • ° °

• **• **it**,°,.,,.,,•*

_ES

• R5 Pl/I' •

: P,5PLT * : SEE NOTE 5

: .............! : .............!

• TSX RS_|N,4 e•

SHAV

**............. .
*'•• * AXT XX 4 AXT*

*B4*,,X*XX,2 AX_ XX,t*
• • * IRA 2,4 •

** _,... ......... *

NOTE 5

XEC R5 x R2

TEMP3 RSBTA*50.2

TEMPI RSTER*50, 2

TEMPl R5TIM*50.2
TMRORF+16 RSTLA+50.2

TMRORF+I 8 (RSLAT-RSTI,A_50.2) (KWFNM)

TMRORF.17 RSTLO_50, 2

TMRORF419 (RSLNG - R5TLO_50, 2) (KRTNM)

• .***,.,.*****_RDBZ AXVE ***=.•.***,.,._HAV

: XEC._X.2 : :*". :". : : **"*
RSBBI-RSfiTA •..*X D2 • •B5 **X• X C SHAV TXI**,*X B4*
+5012 RSRRI'• 1119" • • • _HAV+It4,1 • * *

R_PUR * • * *

:*** . * *v_s
eC6 • IS SWRF • O • ........

• •1 * • •

i

• TSX RSPRR,4 **

• IoH.****,***•• e

• TAV

• * *NO *•_*

• IS It ALPN_ * e_ B9 • "

+! • lll0 •

• • _E$

_x .................

TAV

• • t**•

: xec ,,v rx, :...; .9"-
• TAV*I,4,1 * |flOe

:.............: ....

llZO
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.ee*.*o***.**t***

eBOeX TSX RSSPT • *C0_X •

.. • mm

• •YES

IS SWKF=U

• • . e

SAVEXR4 . _ CCAC)=RSRA0

• *•***.••••.••i _HJH••HttIi*

: BNKLE=C(AC)
XEC RSXR2

• TIMRB:GMTIR

• =KSTIM÷50,2

H*Hm•*H****,

•RESTDRE XR_

llllllilllllttt

RSOPX

x RSOP2

• CIACI=TIMRB _ • C(AC)-GMTIR **

*.............* ..............*
• o

.X ................................

AXVE

*°,..io**o,*.**

o* CINQI=BNKLE ,..oX B5 •

• I120.

:.............: ....

• RSMUM

• • eYES *e*. ••,•••••e•,••••

• IS SWRF GT 0 • ,_ B2 •. _ EXIT

• 1120, • TRA 1,4 *
• •*•° *•,,•,,*•.*,.*•

_o

• RSOPI RSTOC

• " • ,YES : ............. : ...... : ............. :

• IS SWRF LT 0 • .............. X** GMTIR= CO •,...X• Ab-• *C4• •..X*• GMIrIR=OOTIMRB:cO •"

• • • • • • BNKLE=B 1 **
• • , .......... : ...... . ..............

;,o

TIMRB=O0 _ • TSX RSIMP,4 ••

* *
m_,Hm_Hz|,,,, ***••***•.•.****a

• DS•X TSX RSSER

RSOPI EBDIP

• ''*•'*•*•*••**** • • *YES **•,

• A6.X TSX RSIMP,_ • [S THEKE AN • •_ A6 ••
• • * ** ERROR • Ill?*

_o

i TMRO"E' i=GMTIR

TMKORF÷k=B

RSMUM

• • * *YES •|•• *••••••••••••*••• •'''•*•••••'*••*•

• IS THERE AN • •_ B2*• me TSX CONVG, 4 e• • TSX RSPRRj4 _*
ERROR I120•

_0

• TIRCV

• *••••'*•*'*'*••• . • • •YES •*••

TSX CONVG. * • IS THERE • •_ D5 ••

•. .. tONy,. , ]i_"

_o

• STIRB

i

• *NO ••e***

IS THERE AN • •X CT •

ERROR • llOb*

_ES

• * RSOPC • * RSMUM

• YES *YES .**e ••*e••m•'e•emee ee•

IS THERE • ............ X IS SWRF GT 0 •X B2 * * C(MQ)=RSLAT-THIR"P._ :...i0_:
• CONVG. • II20• • CIACI=RSLNG • * *

• • .•_ • -TMIHPP•2 * ee•

.._°,......... _o. " • ;,o • •
.... . ..... X. CO-

II21

EXIT :
TRA ERTOC



RSSPT

: SAVEXRSXEC:
• RSSI2 •
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R5OUT RSSI2
SUBROUT_E TO COMPUTE ON _el•eetoeeo•_ml

o i
LINEOUTPUTS BASED ON GMTRC,

GMTRB-JPC • AXT oct2 •

BANK ANGLE ROUNDED TO FLOATING

POINT DEGREES _.*e•.•..tomo•:
GMTm= 00

TIMRE & TNRF ROUNDED

e

• RSSP2
e *

• .Y_s .:............. .:
IS SHRF GT 0 * .............. X* RSTIR'TNRF *

• RSBTA-TIRRR •

o

• eYES

IS SWRF-O • .......
e

• •

;,o

RSSP3
*IIe•II**HII•*

: RSTIM-TNRF :.,*; A4:

• RSBTA-TIMRB • • ,

: ............. : ---

RSSPI

: RSTI"'TINRR : : :
• RSTIR'GNTIR •

• RSBTA'BNKLE • • RSBTA-BNKLE •

:.............. : ............. :
:

RSSP3

• • *RSTLA=TMIM PP+2

• • •RSTLO=TMIM PP+I

• &Ae..X* _(AC)=A A

C(MQ) = ¢ T - ¢

RSRIN

• TSX R5IWT e* : SAVE RR5 _*

• ERNIN

• • • • eYES .... _ ...... e*ee••,:

• MA$ THERE AN * e_ 09•• _DETER"IRE RIN:
• INTERP. ERROR • lilT• •MISS DISTANCE•

• _o

• ERNWT

• * " *YeS *,* -;..... ********; "
• IS THERE h_ • • • • •

• ERROR IN *X 06• RESTORE XR5
• INTEG. • • • •

• ..H..••...***.
e
NO

• •••e•••e••ee•e•• •••••eee*••••••

e: TSX RSIMP :• _ EXIT• . • .]::._:: ....... •

RSSNU

• TSX RSRYP : SAVE XRS :
•e

•. .............. • : :

• • ERNIP RSNRV

eYES • •*••

IS THERE AN * ............... X:)5 INTO C(A[):...; C9 ••

• ERROR • • lilT•

• • •

HO

RSSAV

: ............. : : ............. :
RSTER-CtAC) • e KLO000 INTO •XR2tXR -I • eASTER .**+49.•
RSSI2"C XR2)e * 50 INTO XR2 •

e

ERNMT RSNRV
•••ee•••••***••

:'_,_ _"-_. , * • : ." :....
_(QT -q) (KRTNM) *[_ ..Xe3_ INTO CtACi*...X C8 *

• ill7*
TMROR+ 19 = ** *

(A T - _)(KRTNM_ •••••••.••••••_ e•.•

• EXit : : RESEORE XRS :

• TRA IrA •
••neeeemmel•••o

••••••oe•o••o•o

..••**•**e*e•e•e•

TSX RSOSO,4 ••

e*••eee•••**••.•e

eee••te•••••**•

• EXIT

• TRA |lA
ttttltltellllel

• RESTORE XRS •

••••e•e•e•••••e

: EX,, :
• TRA I,A •

eeoc•eeoc•e••••
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RSDSO

VOL Ill REAL TIME PROCESSORS PART I! - ORBIT/REENTRY

• SAVE XRS •

_•*l••otiei*•••

_.ee•lieiio.•.:

:SEE NOTE 6 •

NOTE 6

R=TMR5OM . . .+2. TMRSOM +3 . . .+5

RST_E = 1+45 / KCGUNM = P

_vDR: _i_LRSRAG

RSVAG = )V I

RSSGA = R'V = SIN "Y

RSGAM= ARCSIN (SIN_) =

RSVZZ =iV ICOS T

TEMP =l V I SIN .I"

A V = R5DCY ='/]_RVI Z= +2PR - 2P ;_

NR2-p 2)

- V T

•RSHYI=CIAC)=A•
-RSHY2fC(MQ)=B•
• C(AC)=A _B •

• TEMPI= (COS O T (KACCIX3) • •

: C(AC)=(R5DCY) (_I)/_TCOS O_ X • TSX EXP,4
* (KACCDG) ............ **

• ,••e,,•••,,,, ••º**oo,••,••,•

TSX SORT•6 _•

RSEUO R5UFO
IH•*º**••••l*•

• • *YES •
• • •*H.

IS THERE AN * .............. X_XEC RSUEO TXI:..oX C61

ERROR • • RSUFO +L_t1• • •

• • ERSQT RSHVE
• ••**••*..•••***

• • •YES * *•*

• * • RSRAO
IS THERE AN t .............. X* KI00OD KEEP •oo.X A6e

ERROR

• • t*•*H••••••*•.

_o

• TEMP1 =A t *

• ( av_/tg

• =e •

:'_7J_" ..... :

• KRTNM

RSHVE X

:_2:.oX_ RESTORE XRS

- NOTE 7
R =TIVIR5FF . . . +2

_/=TMP, SFF +3 . . . +5

TEMPZ__,
TE_ =l _ I
TEMP3 =l _1

A=(R.V) ('/_--m)

B=1_[ [,)1 2-1

R5HPG = a

• SEE NOTE 7 *

R5UFO

..-. .............
*C6•..X• RESTORE XRS •

: EXIT :

•••*•*•*.***•*•

: EXIT *
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R_LUP

le

• A2_ x_ SEE NOTE 8 "

to _•ll•..o•••#•••

NOTE 8

TEMP3 = B 2 = (RSCMN_ 2

TEMP1 = (YI) 2 / B 2

TEMP4 = XI -. 4

TEMP5 - (XI - .4)/. 36

RSFI - [ YI 2/B2+ (XI -. 4) /. 361 -1

TEMP i - YI-TCTR

TEMP 1 - (TEMPI) (TEMP4)

TEMP 6- (36)/TEMP 3

TEMP 2 - YI (TEMP6)

R5GI - (XI-. 4) (YI-TCTR) _(A2/B 2) YI (X I - TCTR)

R5FXI - 2 ( X] -.4)/.36

RSFYI - 2R5 YI/B 2

R5GXI :( (i- .3_ R5YI - TCTR l

B _

R5GY) - XI (I-A 2 )

B2
RSDTR - (FXI) (GYI)-{FYI) (GXI)

RSXYV • •

• " .YES •NO -'•'••''°'''••"

." ,+R+oTR-o". ............................................. *: '+T_,R0,0 : ................ : _,M0,-R+,+P:. •

• _o " ;Es

RSY£$ X

.HI
: SEENOTE9 : RSX] RSXI-[(FD(GY'I ) -(GD(FYI)] /RSDTR _ CImQi=RSYLP ; ................. X: CtAC|=TLTR ...X m6•

_ RSYI _ R5YI - [ (G_ (FX_ - (F_ (GX_] /R5DTR • •
............... : ............. : : ............. : --.

• • RSPRP

• " " •yEs :...•.,..H...:

• •• IS lCGNT GT 5 • • .............. x:• CIMQ}ffiRSYICIAC=RSXI !

• . • • :.............:

• _o

ASLUP

i ............. ! .'-'..".." ............... -.
• I OUNT =
• I_OUNT+I :'''I '2: :BblX TSX RSGIP,, •.

i Ex,T _
TRA RSFUN
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62. AQDATA - SUBROUTINE TO GENERATE ACQUISITION DATA

POINTING DATA_ FOR USE BY REMOTE STATIONS IN ACQUIR-

ING A S/C, IS GENERATED BY THE SUBROUTINE _QDATA. GIVEN

AN ESTIMATED TIME OF HORIZON CROSSING AND AN INTERNAL

STATION NUMBER, AQDATA WILL DETERMINE IF THE SIIE UNDER

INTERROGATION IS ABLE TO OBSERVE THE S/C ON THIS STATION

PASS. IF OBSERVATION IS NOT PCSSIBLE, AN ERROR RETURN IS

TAKEN. OTHERWISE, ACQUISITION DATA IS GENERATED.

THE DATA CONSISTS OF FIVE PARAMETERS FOR EACH DE-

FINING POINT, TIME, RANGE, AZIMUTH, ELEVATION AND DATA

TAG. DEPENDING ON TYPE OF STATION PASS, ONE TO SIX SETS

OF DEFINING PARAMETERS WILL BE GENERATED. AFTER CON-

STRUCTING THE REQUIRED OUTPUT TABLES, THE SUBROUTINE NOR-

MAL EXIT I.S TAKEN. (SEE FLOWCHARTS.|

INPUT

TABLES -

TCRKOI ORBIT EPHEMERI.S GENERATED BY LAUNCH

PROGRAM

TCRK02 REENTRY EPHEMERIS GENERATEC BY LAUNCH

PROGRAM

TNDIAC ORBIT EPHEMERIS GENERATED BY ORBIT

PRCGRAM

TNINT2 REENTRY EPHEMERIS GENERATEC BY ORBIT

PROGRAM

TRKOIH CONTAINS TIME STEP OF TCRKOI

TRKRIH CCNTAINS TIME STEP OF TCRK02

TMSTCH CONTAINS BASE ADDRESSES OF STATION

CHARACTERISTIC BLOCKS

TMANUV S/C MANEUVER TABLE
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B)

C)

TOBLKI TIME OF BEGII_NING UF BLACKOUT

TOBLK2 TIME OF ENDII_G OF BLACKOUT

CGMMUNICATICN CELLS -

MCACQI A (ESTIMATED TIME OF HORIZON CROSSING),,

D (INTERNAL STATION NUMBER)

MCPHSE PREFIX INDICATES MISSION PHASE

MCSUBR CORE EXECUTICN INDICATOR

MCESAB TIME OF FIRST EVEN SECOND AFTER RETRO-

FIRE COMPLETICN

MCMANC NUMBER OF MANEUVERS IN TMANUV

PARAMETERS -

MNLINS

MNQANS

MAXIMUM NUMBER OF OUTPUT

DATA LINES (PRESENTLY 6)

NUMBER OF PARAMETERS PER

DATA LINE (PRESENTLY 5)

OUTPUT

A)

B)

MCNOVL C(NUMBER OF OUTPUT DATA

LINES),t A

TMSTAD

OUTPUT DATA BLOCK IN THE FOLLOWING FORMAT -

TMSTAD TIME a (FIXED POINT MINS.),,D

*l RANGE

÷2 AZIMUTH

+3 ELEVATION

+4 DATA

÷5 TIME

(FIXED POINT SECS.)

FLOATING POINT KILOYARDS

FLOATING POINT RADIANS

FLOATING POINT RADIANS

TTY CODE

A (FIXED POINT MINS.),,

C (FIXED POINT SECS.)
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C)

D)

+29 DAT_ TAG TTY CODE

TMACQM

ON-LINE MESSAGE PRINT BLOCK IN THE FOLLOWING

FORMAT

TMACQM PASS TYPE BCI

+I PASS TYPE BCI

+2 INITIAL FIXED POINT SECS

HORIZCN

CORSSLNG

+3 P_ISS DURA- FIXED POINT SECS

TICN

+4 MAXIMUM FLOATING POINT RADIANS

ELEVATION

INTERPRETATION OF DATA TAGS IN TMSTAD -

A

B

C

D

M

PM

OM

PR

CB

R

LA

ONE DEGREE IIN ELEVATION

TEN DEGREES ALONG TRAJECTORY ARC

THIRTY DEGREES ALONG TRAJECTORY ARC

tea _ TEN SECONDS

MARGINAL POINT

PRE-POST MANEUVER POINT

MANEUVER POINT

PRE-REENTRY POINT

CGMMUNICATIC_S BLACKOUT PCINT

REENTRY POINT

LAUNCH-ABORT POINT

METHOD

AQDATA IS USED DURING IHREE MISSIEN PHASES, ORBITt

REENTRY AND HIGH ABORT. IN THE LATTER PHASE INTEGRATION

TABLES SUPPLIED BY THE LAUNCH PROGRAM ARE USED_ WHEREAS

IN THE TWO FORMER PHASES, THE ORBIT OR REENTRY PROGRAM

PROVIDES THE NECESSARY TABLES. HIGH-ABORT PHASE REQUIRES
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THE REFORMATTING OF THE LAUNCh INTEGRATION TABLES TO CON-

FORM TO THE ORBIT AND REENTRY FORMAT, THIS IS DONE UPON

ENTRY TO AQDATA.

USING THE INPUT ESTIMATEC TIME (ts), A SEARCH IS BEGUN

TO DETERMINE INITIAL HORIZON CROSSING (ZERO DEGREES

ELEVATION). IF ZERO DEGREES IS NOT REACHED WITHIN THE

ALLOTTED TIME INTERVAL (ts+-15 MINUTES), A CHECK ON THE

HIGHEST ELEVATION ACHIEVED DURING THIS INTERVAL IS MADE.

IF IT IS GREATER THAN OR EQUAL TO -2 ° , THIS POINT IS

SAVED AS THE SOLE PROGRAM OUTPUT, OTHERWISE THE ERROR

EXIT (NO DATA) IS TAKEN.

AFTER ESTABLISHING FIRST HORIZON CORSSING (BY

LINEAR INTERPOLATION, IF NECESSARY), AQDATA SEARCHES FOR

THE TIME AT WHICH THE SIC IS 1° ABOVE THE HORIZON, COM-

PUTING tI BY LINEAR INTERPOLATION.

DURING THE SEARCH FOR 0° AND 1° , A CONTINUOUS CHECK

IS MAINTAINED IN SELECTION OF THE PROPER INTEGRATION

TABLE FOR SEARCH PURPOSES, WHETHER LAUNCH, ORBIT,

MANEUVER OR REENTRY.

SECCND HORIZON CORSSING IS THEN DETERMINED AS h

FUNCTION OF THE SINE OF THE ELEVATION ANGLE, SIN E = O

CORRESPONDING TO 0° ELEVATION. AT THIS TIME THREE

CONSECUTIVE VALUES OF RANGE,Pa,Pb, AND Pc SATISFYING THE

RELATICNPa>_Pb<Pc, ARE RETAINED FOR MAXIMUM ELEVATION

CALCULATIONS.

ASSUMING A PARABOLIC FIT OF p AS A FUNCTION OF t,

TIME OF CLOSET APPROACH (tc_

1 4Pb-P e - 3p a
tCA = ta - 2

p -ho -2P
a c b

WHERE

t
a

IS COMPUTED.

= TIME ASSOCIATED WITHP a
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NEXT, TIME SELECTION I,S CETERMINED AS A FUNCTION OF

STATION PASS TYPE -

A) NOMINAL - FREE FLIGHT ORBITAL TRAJECTORY FOR

ENTIRE STATION PASS. (4 TIME POINTS)

I.

2.

3.

4.

t 2 AND t3 ARE CALCULATED THRU THE USE OF A SECOND ORDER

CURVE FIT AS FOLLOWS

M = PCA COS _EcA

WHERE

tI - TIME GF I DEGREE IN ELEVATION

t2 - TIME OF 10 CEGREES ALONG TRAJECTORY ARC

t3 - TIME OF 30 CEGREES ALONG TRAJECTORY ARC

t4 - TIME OF CLOSEST APPROACH + I0 SECONDS

P CA AND ECA ARE THE VALUES OF RANGE AND

ELEVATION, RESPECTIVELY, AT tCA.

WHERE tO

B)

C)

t 2 = t_b+ ( 101.6 -. 092M)

t 3 =t o +(167.1 -.090M)

= TIME OF INITIAL HORIZON CORSSING

MANEUVER - DURING SOME PERT/ON OF THE STATION

PASS, THE S/C IS ENGAGED IN A POWERED

FLIGHT MAI_EUVER, (6 TIME POINTS)

I. tI - TIME OF I DEGREE IN ELEVATION

2. t2 - TIME CF llb OF STATION PASS DURATION

3. t3 - TIME OF 216 OF STATION PASS DURATION

4. t - TIME CF 3/6 CF STATION PASS DURATION
4

5. t5 - TIME OF 4/6 OF STATION PASS DURATION

6. t6 - TIME OF 515 OF STATION PASS DURATION

RETRO-FIRE - THE SITE OBSERVES THE RETRO-FIRE

MANEUVER (IF THE S/C. SIX TIME

POINTS ARE SELECTED AS IN MANEUVER.
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D) COMMUNICATIONS BLACKOUT -A TRACKING SITE SEES A

PORTION OF REENTRY COM-

MUNICATIONS BLACKOUT.

SIX TIME POINTS ARE

SELECTED AS IN

MANEUVER.

E) REENTRY - AS USED HERE, A REENTRY PASS IS DE-

FINED AS ONE EXCLUSIVE CF COMMUNI-

CATIONS BLAKCOUT. FOUR TIME POINTS ARE

SELECTED AS FOLLOWS -

I. tI - TIME OF I DEGREE IN ELEVATION

Z. t2 - TIME OF I14 OF STATICN P_SS DURATION

3. t3 - TIME OF 2/4 OF STATION PASS DURATION

4. t4 - TIME OF 314 OF STATION PASS DURATION

F) LAUNCH-ABORT - THE SIC TRAJECTORY IS REPRE-

SENTED BY THE HIGH-ABORT DEFINING

VECTOR. TIME POINTS ARE SELECTED

IN 30-SECOND INCREMENTS OR

FOLLOW THE REENTRY METHOD OF TIME

SELECTION,

G) MARGINAL - IF THE S/C ELEVATION IS SUCH THATp

-2° _E<l ° ENE SET OF DATA REFLEC-

TING THE HIGHEST ELEVATION FALLING

WITHIN THESE LIMITS WILL BE TRANS-

MITTED.

ONCE THE TIMES HAVE BEEN SELECTED, CONSTRUCTION OF

IHE OUTPUT BUFFER, TMSTAD, IS INITIATED. TME RANGE, AZI-

MUTH, ELEVATION AND DAIA TAG ASSOCIATED WITH EACH TIME

POINT ARE CALCULATED AND PLACED INTO THE BUFFER, WHERE-

UPON THE NORMAL SUBROUTINE EXIT IS TAKEN.

A SUBROUTINE IS INCLUDED WITHIN AQDATA TO COMPUTE

RANGE AND SINE ELEVATIEN. THOUGH UAILSC CALCULATES R, A
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AND E, THE INTERNAL SUBROUTINE IS FASTER AND THUS MORE

DESIRABLE. EQUATIONS USED ARE AS FOLLOWS -

A) _' = INERTIAL LONGITUDE OF STATICN AT TIME t

M = X 0 + .004375269 t

B) R = INERTIAL POSITICN OF STATION AT TIME t

R = R COS ¢'0OS
X S

WHERE

WHERE

R = R COS _SIN
y s

RR =
Z S

!

SIN _b

C)

q_ = STATICN GEOCENTRIC LATITUDE

R 5 - RADIUS OF EARTH AT STATION

N = LOCAL POSITION OF STATION

N x = CCS _ COS k

Ny = CCS _) SIN

N z = SIN ¢

= STATICN GEODETIC LATITUDE

D) P = R-R

WHERE R = INERTIAL POSITION OF S/C

E) P = lPl
SIN E = N.P

lPl

INTERNAL ERROR RETURNS ARE SUBSEQUENTLY ROUTED TO

ONE COMMON LOCATION, RREA. A CHECK IS MADE TO SEE IF ANY

VALID TIME POINTS HAVE BEEN RECORDED, IF SO, TMSTAD IS

CONSTRUCTED USING SUCH TIMES. IF NOT, THE SUBROUTINE

ERROR EXIT IS TAKEN. SOME OF THE MORE COMMCN ERROR CONDI-

lIONS ARE -

A) LIBRARY SUBROUTINE ERROR - IRA RREA

B) REENTRY TABLE IMPACTS - USE LAST VECTOR IN TABLE
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C)

D)

AS TIME OF SECOND

HORIZON CORSSING

INSUFFICIENT INTEGRATIGN TABLE - TRA RREA

NEGATIVE ELEVATION CCMPUTED (OTHER THAN FOR A

MARGINAL PASSI IN CONSTRUCTING TMSTAD - SKIP

TO NEXT TIME FOINT

USAGE

A) CALLING SEQUENCE -

TSX AQDATA,4

÷ I TRA ERROR RETURN (NO DATA)

÷ 2 NORMAL RETURN (DATA)

B) COMMUNICATION CELLS -

MCSUBR

MCACQI

MCESAB

MCMANC

MCPHSE

MCNOVL

C) TABLES -

tCRKO[

TCRK02

[RKOIH

TRKRIH

TMSTCH

TOBLK[

TCBLK2

TMANUV

TMSIAD

TNINT2

TMACQM
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D) CONSTANTS -

KCH233 KO060.

KOOOO[ KO0060

KO01.0 KMO001

K. SM2D KMUYDS

KO0000 KRTOEG

KO.S1D KDOObO

KO04oO K, RTER

K003°0 KO0003

K000.5 KO0030

KO02.0 KO0006

KO0004

E) PARAMETERS -

_NQANS

MNLINS

F) SUBROUTINES -

GINTAB

GLINTS

U?INTP

UAILSC

ARSIN

SQRT

U3DOT

COS

SIN

VMAG

G) STORAGE REQUIRED

775 LOCATICNS
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•°,.....,1••°°°

! E TERi
ARDATA

iognlllllmllulu

• •NU

IN HIGH ABORT ° .......................
PEASE

YES

i LAUNCH INTEG• * INDICATORS, •TABLES TO ° ................. X• ERROR,
URBIT • • RETURNS AND

• STANCARDS • • XRS

:"_i_*_;;":
. lIME OF •

- HORIZON °
• CROSSING •
• (HCf, •

• •NO

• CO•X ORBIT PASS * .......................

• _ES

• • " °Y_S

MANEUVEr PASS * ........

•NO

• RETORFIrL
PASS

• _ES

• YLS •,•

• COMM BLACKOUT °x C3•

PASS • • •

- OIVIOE STA •

• .............. x• PASS INTO 4

EQUAL TIME
SEGMENTS

•°•.••••,••°•••

_X .................

i

• ••* • uIVIOE St^
x_

• C3••.x• PASS INT(J _ ° ................. SETUP DAIA •

• • • EQUAl TIM_ ° • IIM_S
°

_•••,•°,°••••°_

_SEARCH FOR O n[

• ELEVATION •

• • • ANY VALID

• D_•X DATA TIMES • ........

• • ° RECOROEU •

_ES

• o • •NO •''

• IS 0 FOUND •
• WITHIN •_ 04**

ALLOTTED TIME • *
• INTERVAL • •••

_ES

• BUILD TMSTAD-•
• TIME, RANGEr•

*AZIMUTH DATA"
• TAG, _LEV •

SEARCH FOR t_
OEG. ELEV. •

EXIT
• NORMAL RETURN

IS I ELEV
FOUND

_ES

_NO
• ,•'••

• X D4.

• •*•

EXIT :
ERROR RETURN

i EARCH FOR
_NO .OR,Z :

DROSSING AND=
• COMP PASS •
• DURATION •

: cR_c MAX :..._CO:
ELEVATION •

: ............. : ..-
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RRAF

•*•• :SAVE THIS SIN

•C01..x.E-, PLACE
• • • _IME INTO

• • • RROPT •

* SAVE 7XR'S

RRAH RRAi)

• * * "YES •*•

:CI:X * SIN E. GT • *_ O5:
SI_ 0° . , •

• •NO

• HIGH ABCRT • .......................

PHASE
• .

• °

"_ES

:'"_;_;;;'-: :..............
• LAUNCH INTEG• **•* • INIT INO

TBL. TCRKOI,* *O31..Xl CELLS, ERROR•
TCRKOZ TD • • • • RETURNS AND •

• CONFORP • •• IR'S •

• RRAL RRAN * • RKEA

• • * aYES -••• *•, • °YES ••*"

SI]_[E i =•TO • •i AO •• :OZm• " IS SEARCH * • •DONE• RRTS[ •x AO •

• SIN0 • i[36• • • * NOT = 0 • 1138•

ND _0

RRA[ • RRAN RK4 O

•. . " " -,Es --- :'";_;;';_": ...
:C3:X • IS iGTI5 • •_ 02: : BACKWARD • • •TABLE SEARCH•...X BE•

• • t _ SrL INTO :
• **• RRTSI **°*•

• H•*••H•*•**•°

• _o

:.............: ... :.............:
: TO ORBIT • • EST HORIZ •REENTRY .... _ 83: • CROSSING INTO•

• STANCARDS : ••• : XR2 :

RRRD

:.............: ...
:tNIr FOR NEXt .... _ Bb:

CASE * • •

RRAB

• •*• _ FORWARD *

•BS*.•X•SEARCH O INTO-

• - • RRTSI 0 INTO•
• • * XRI •

RRAD

•••*•••**••*•**

:B6*•• TSXRRSA-RANOE ••

• • • AND SINE •
• *• • ELEV• *

• RRGA

• • •NO •*••••

• 15 T_ERE AN IX 83 •
ERROR I140•

• * _ES

• RRAI

• SIN E I LT •YES
• SIN (-2") • •'*••

• X C3*

°

RRAE • RRAF

• •GBEATEST sI_Y_ S .****

• E i GT ACCEPTED eX CO•

• ELEV. • " *

.._ ........ c,.

RRAH
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RRAO • • * • RRAB

• •** * • •NO * •**

• Db'X FORWARD *X BS°
° * • SEARCH • • *

• * • . •i*

RRAP •

• INITIAL CASE. • ........

• XRI = I •

• _ES

ReAD

i DECR riME : •'••• .
COUNT BY I •...x B6,

RRRQ X RKAL

• TSX RRIB "* _*°*•

• INTERPOLATE •X AO •
FOR 0 DEGREES • l13b•



VOL lit REAL T]ME PROCESSORS PART I[ - URBII/REENTHY

RRAL

1.•. : I_,TIAL, :
HORIZONTAL

• AO .oX* CROSSING IEX*

• • * SECSI I_TC *

• w• • RRIHC •
HIHHHHOaml

+*00•.,•,0•,,*,

• CCkV TO FL PT •

• AND PUT IN *

QUIP I TIMEBF,,_,A,C :
• RRIHC •

*HHHHI,HH

RRAV

• **. • °

• A?°X IS SIN Ei GT
• • * SIN I o

RRAT-I

RRCP • " * . " • RRCV RRCD

• ,. • " + -YES * * -YES "'_*''*'*••*'''*; "*"

•*BO'* * Enter rEEntrY • • retrO-FlR_ * , RETROFIRE .x'..._ C_'*LOGIC MCESAB * ............ X CASE- MCESAb • .............. XI PASS INTO

L[ 2ND H.C. - LT IST H.L. • * RRPAS

" - _o :"'. " _o
.......... x, B6 •

II3T-
H.*

RRCJ

RRAW RRCC
• ,,H.H*H.*°..

"YES °
• *° TSX RRIB "

• ............ X [NILaPOLATE " ........ "
FCR I1NE

• "" _EGREE •

• **o•.•.......**

_C

RRAX

• • " ,YES "';''''''''''••';

• IS SINE:TO SIN " • CONVERT TIME•
• .............. X• OF FIXED •

• * SECONDS •

_C

RRAY

• _IN E GT* +NO

G;tl.A [ ACCEP ",X+. • ........
I

• ELEV.

• * " *YES

• t,3,_EIaN _ ". .......................

• °

• NO

i

• ° _..... • .......• • *YES

• IST H.C. GT • • .............. x_. REENTRY PASS°

tEIR) • INTO RRPAS •

• • **••.•o-*••••-•

*COMM BLACKOUT•

• PASS I_WTO •
• RRPAS •

:X .................

,,,,,•,_•,,•,•_ReC RRCD

_IIM_ OF [ DFG, • • • * • SETUP TU •

• INTO RRODE *...X AO • •G_ ..X, DIVIDE PaSS •

• PUT IN RROPT - [137• * • •DURATION INTO•

:._.I_.: ....... :.L._I_L:

SETUP T[)DIVIDE PASS

• DURATION INTO,

i _ INTERVALS •

.*.*,••*•••••••

SAVE TIIIS

SIN E i PUT

• T1MF IN(HTTPITT

BFFO INTO RROPT

oX .................

X
•••.••••••••.*•

• INIT FOR NEXT_

• CASE •

RRCF

°

°

:X ........................ •........

• our. INIIJ (_•
• OR 6) EUUAL •
• SEG INTD •
• RNAUI •
*H•iOH••H+,.

RHEA

• • " *YES *''•

• IS _aAOT O * *_ A0 •1

• ll3a*
° •H•

NO

.••••••••••.•••

• " ,sx RRS, ::
• RANGE ANC •

SINE
"• ELEVATICN

COMP TIME •
AND SLOPE _N•

RROPT RECURD•

• OUTPUT TIMES.

• RWEA

I

• •YES ,,•o

• • IS THERE AN • •_ AO'*

ERROR • 11_8o
. • ..••

RRCI

:T_ ,N,O RRDP,:
•

• RRFA

• .Y_S_....
IS RANGI •x AO •

* INCREASING • I[_B•

.......:':;:
R_AV

RREA

lIND IINLS ARE• • •
• FX $ECS L •...X AO •
• INID XRT • ll3B•
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RRBC

*** , He••••°°'•*•*• .

•*AO**• TSX RRSA •
RANGE AN0 *

• * • SINE

*•• * ELEVATION *

• • RRCP ° •

• * • • • *NO ••** •* , • • •NO **•••**••*••°••_

*ADJUST XRS TU° • °
*BO•X RANGES SAVED, •X B0 * •CO•X IS IST H C LT ° .............. X• rEST NEXT *...X b?•

• • * ERRS[ NOT = 0 • I136• • • • GMTPC {H) • • MANEUVER • • •

YES

• • WROC RRCA

• " • •YES ,-• ***•*•,•*••,eee** B=4R2-R 3 -3R 1

• IS THERE AN • *_ 05** • CnMPUTE *
2

• E_ROR * • • TEA 2C = E 3 - 2R 2 + R 1

• _0 TCA:_ -B

T x = TCA + 10 SECS.

i

• RANOE_C• S SFA(VEDOR •YES•
;_'&-_;:...

I Q
• '%A _OMP . R_OE A_, SINE".

RRRSI NOT.= • • EKEV AT TCA •m

• 0 • •••••,•• •••*

• _c

i
RRR0 • ° RREA

• *NO • •NO •••*

• Ri-I - Ri TIME • * • °

TOSAVE RANGE_ • ....... X • IS THERE AN I_ A0 •
ERROR 1L38•

;ES ;Es

SAVE RANGES •AND TIME FOR•

• Tca

RRCP ERDA

•..............i:'. i.............:
• MAX ELEV INTD•*..X BO • *C_•*.X• I - SI._ 2 •
• RRMRG * I136•

. ............. : •.." : ECA

:: RT

.RRGC RRCP

SET RANGE • ••**• • CALC TIRE _ _••*l

i SAVE [NC STL* ••BSm..X*DURATION -ISTe.°.X B0 •
INTO RRRSI • .• • •HC INTO RRHTH* 113bI

:.............** •. :.............** ....

_X .................

RRCJ

** INIT FOR _ • MANEUVER

: EXAMINATION • *S6•..X: CObNT INTO :
OF NEXT CASE• XRI

• • _ES

.". : : .....
*DI*..XtMANEUVER PAS$•..._ C4 *

° • • INIO RRPAS • 1116•

A= SIN0 ° OR SIN 1°

• RREA

° • *YES **••

• IS THERE AN * •_ AU ••

ERROR • l13b*

_o

••1*••••••°*•••

i RR[BENTE R

.

i°•.*.• .... ._

• t=ti-I + A -SIN

SIN Ei- RINEI.1

ERIC

:.............:
. •

• FL MINS TO FX•
SECS •

•*•••••••°**•*•

EXIT *

• TEA It4 *

• RRIB I_TERP •*
FOR 0 ELEV

RRBC • • ERDA

• • *NO *•• • *NO *••

IS RRSEB = - •X AO• *B7•X ANY MANEUVERS •_ Ck_

• * • * * * LEFt TO TEST • •

• ;Es " . ;Es

i
RRCK RROA

• * °NO ***

• IS 2ND HC GT • •_ C4.*

• * GMTPSIN} • •••••

• * _ES

RRCL

CALC TIRE * • • , * •DURATION 2ND*...X 80** IS 2N0 H C LT •X 0I•

HC - [ST HC • • • • GMTPC (N) • * •
• INTO RRHTH * ••l • *•*

:._? ......x. co:

• INTO RRRHO •

• °•• • P_ACE TIMES •

• D7••.X* RROPT.

**** ** RECORD TIMES_

• ..•.•._.••**.•A tiA = (101.6-

• *. 092" RP_O)

• COMPUTE •At (167 1: : 30- .-
• . 09 RRRHO)

0 INTO XR7

-.............:

_t;o'_o"_lO": ...
:t30:t0+ At30 **.•.i O?:

:1:...:_.._:.1.o....

RKEA

** NORMAL PASS **°.._ AO •.
INTO RRPAS • 1138•



RREA • • • • • RREL

• AhY 0UTPbT • * *

• A0 * RECORDEC XR5 •X A5 *

• • NOT = D • 1139•

• o* • •**,

• _ES

RRET

_AIt..X: INITxR! 60 IhTclhTC i
• • • XR3 30 INTC

• •• • XR6

Ht*,•.••.,*•,•

RREH

:^_:x:p,CKV_,[_TA!
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• eYES

*CO=X IS THERE AN •X b_e
• * * _RROR • • °

*. • • **•

• • •NO

IS X_3 GT 5 • ............ x

• *YLS

• :IS E LE O • ........

•;ES •_o

................................ X:

RREE

: •
• STOKE TIME IN •
• TMSTAD

• * • *YES

• ARE r[PES IN • • .......................

FX PT XR7 = I •

_c

• FIX TIMES -_............... X GINTAB -DETERMINE •
• INI_G TABLE

:CONVERTHA_GL:
• TO KILOYARDS*

.•H••H•e•HH

A

STORE R
A,E,_

IN TMS_AD *

• CONV TIME TOm

_[SFCSI

• *NO :** ........... :
• * i[S THRUST • .............. X: SETUPcALLIN_UINTP

• TABLE INO • SEQUENCE
• • • •

lllllllllllllll

;ES

• RRFA GET DATA
TAG •=

**e.•e.tHH•••* e

RREO

• SETUP GLINIS* **

• CALLING * • UINTP OBTAIN •

• SEQUENCE • VECTOR

• STORE DATA •
• TAD IN TMSTADe

RREY

GLINTS OBTAIN *
• o LIN_ARLLY •

• INTERPOL *
• VECTOR • *

• NO

:
.*X ............................... ."

;

""A,i_iCORPOTE".1co:
RtA*E • •el••

•*••IIH•_•H•*

X .................

• * * eYES *o * * * *YES •**•
• • • IS PROCESSING ° * *

KS THERE AN * * ........ •OB*X COMPLETEU. *X AO •
ERR•JR XRS=O • IL _'_•

;,o

RRE8

_°°•'°'°•*°**•_ •.•

° ADJUST XRS • •
• EO_ NEXT DATA_o°,_ A_

_INE • •
• _o

_o•_o•_••_o•

l|_B
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• AO • ARSIN _AX •

• • • ELEV FCR PASS •

• .* *6*•.HHm.*.*.°*

VOl Ill REAL TIME PROCESSURS PART II - ORBIT/REENTRY

RRGE * • _REA

• *_0 *°*°

• TO0 FEW • * •

• VECTORS IN •X AO •

II3_*TABLE C(AC) = •
0

;Es

• • •YES

• IS THERE AN • * .......................

ERRCR

RREK

:.............: :.............:

:_o_R_E_+_ x: .......ioi................ DATA LINES

• TO DEGREES : INTO
° °(MCNOVL)

• •..•••,*,u,•.° *°°.,°,,°•HH•

x"N'.IGHA.U_iY_S : ............. :
mCALC TIMES INm

PHASE RR_|P • .............. Xm 30 SEC• NOT = •
: INTERVALS :

" * INTO RROP/

• NO _'*°*

.......... X* AO *

II3_l

RREA

R_ER

S_T HIGH •
ASORT :. A ,o •

INDICATORS • 113_*
• o*••

.••*.*mH•*.•••

• ;N H'GH,,oR;N?
• PHAS__R_IP ........................

• • NET

_Es

:'"_;;ci_'": :.............:

i LAUNCH INTEG• . •
[ABLES TO • ................. X•RESIORE TARS•

ORIG • •
CCNOIIION • *

• ..o°°,,.°•H•, *HHt•HH•I••

RREL * t RRET

• AS • IS MARGINAL *x AI *

•••• • POINT AVAIL • I138•
• •H•

x

INTERNAL SIAl

• NC INTG •
• DIA_EATA) !

**••l•t•°•*l*••

EXIT •

• IRA 2e6 •

• ;_ HIGH,BE,;N_
• PHASENoT =RR_IP • .......................

• _ES

• RESTORE • •

i LAUNCH INTEG• ................. X_RESTOgE 7 XRS*TABLES TO t •
ORIG FORPAT •

: EX,T :
• IRA 1,4 *

!i111111111111t

l13g
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RRGA • • • * RREA

_l** * "NO **oo

IB3 * USING REENTRY * *_ AO**
• * * TABLE 1138o
• ** * • ,ooo

• _ES

i

• • • • RRGB • • _R_A• • • •NU ****

• TCn FEW Y_S • SEARCH IAHLE • • •

VECTORS IN • ............ X BACKWARDS •X AO •

• ,,B_E.oC,AC, • _,s_ _o, - _ • _-

_o " . _Es

.

• RREA _ _AD

• ••*••_*HaHI•,

"SEARC. TABL_ N_ .... • _ US ..... : :''''

• • FORWARUoRRTSI •_II3B•AO • _ FLIGHTTABLEOR_II'...X• |135•B6 •

YES

RKAN

la••••••*

:••*ETS SEARCH': : ............. : : ............ :. •....
o

• T|N_ • [_NO • • • •
• TIME OF • ................. X•-3 TIME SIEP• ................. X• -C[XRI)÷[6 *...X D2 •

:....II_L: ..............................
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• T_'H,O_..... _._s
RRFA • • * _KFK ._**,***,,H***_

PHASE RRPIP • .............. X_ GEl LAUNCH _ ...........

• NCT = 0 • * ABGRT TAG

:.............:
RE

.

• • • * * • * * .RRFG
• * * *NC ,NO " *'''*'*********_ ***

• DATA TIMES IN • *t SETRRODE * * .............. X** GET NARGINAL_..._ B7_
FXSECS. XR7 * ............ X * 1 NOT = 0

GT O • " * DATA TAG • •

• - ............. : "'"
YES _ES

PICKUP Ap BI** .......... x
•* Ct GR O TAG *

RRFJ

• * •YES :*''' "•••****•**

• IS S/C *
THRUSTING • .............. X** GET MANEUVER** .......... X

• SIAC) = - - TAG

:.............•

• • • *YES * • DYES

• USING REENTRY * * ............ X * ISt BEFORE *

TABLE • BLACKOUT *

• . _,c " • _O

:

• •NO

RETROFIRE • .......................

CASE

_ES

• GET

• TAG .

: GET PRE-POST:
MANEUVER TAG*

_***H*•******•

RRFF

• * * *YES _***'******'*'_ ***

• EStAFTER • • .............. X: GEE REENTRY :•.._ B7:

• * TAG
. BLACKOUT . _.........•**•• ***

: GETCOMM :

• BLACKOUT TAG•

...............xix...............................;

-''- STORE DATA
• BTe..X: TAB [NTO

RRCAT
•o

Qtt.tlttttQtttt

i EX,T !
.[:Lh: .......
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:*************: R x = a s COS_COS_

• *** * :Ry=R s COS _ SEN X

:co:..x: COMPUTE : RZ;_S sIN _,
• * :•****.**.*****

RRSA

:*I*,•****•*m•:

SUBKUUTINE TO

*SAVE XBl, XR_: COMPLTE SLANT

:•mlemw_em*mi_! KANGE, SINEEVALUATION

_*********w••* i N x = COS @COS k

• COMPUIE * Ny = COS@SIN X

N z = SIN ¢

RRSC

............... :.............:
* L0C EUTPLT • • P= r- R

: BLCCK [hTCRBC_J :
: .............. : ..............

:**••mm*****•*: •****•******•m••.

*CONVERT INPUTm VMAG

• TIME TC FX •
MAGN _TUUE UF

: SECS * * **

• • RwSO

m•.••,•.o,...*•
• * " ° mYES *,*

GINTAB •* * * • *

VETERMINE IS THERE AN •X _*

• INTEG TABLE * EBB_

• ,•,••••***••,° * •

• * ,NO : ............. : ** .............. "

• IS THRLST * * SETUP U]NTP i °• CALLING * N.pIAB E .......... X*
INDICATED • .... SEQUENCE U3OOT •

:e*•_mmmm@mm•m• •mmemme•emm•to•m m°

:ES

RRSB

:.............: .*............... :.............:
*SET UP GL|NIS•
* CALLING • • UINTP OBTAIN : SINE : N.p

* SEQUEhCE * VECTOR ** : I Pl :

RRSG

i GLINTS OBTAIN **•
• LINEARLLY

[BIERPCL

VECTCR

• * eYES :**••••***•*'•:

• IS ....... " ......... i _'_,_...... :
ERROR SINE E*

X ............................... "

: .00437527t : :Bill X • l• IHERE AN * *_( CO: "

: : m* ERBOR • **.°* *

H,**••*,..••*.

" • '_ES

;X .................

WRIt: ............... X• Ell[CCS k, _NtLk .............. ESI .... " *

• IhTU RRC[I • • • • • • _K4 * TRA _,4

",•,•**••••,•,•,• •*• "* :,o••,•*••••••: •****OH•H*•*•

:••*,m•**••***: •••••m*••*••••°

: RESIOKE XRI,: ............... X• EXIT :

XN4 IRA _,4

:ooo,o,,**o,,.: °***'*''''*****
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63. MPORMC - MONITOR PREFIX TO 050RMC

MPORMC SETS UP PROGRAM SUPPRESSION, CALCULATES PRE _

SENT TIME AND DETERMINES MISSION PHASE. (SEE FLOWCHART.)

INPUT

A) MCHFSC

B) MCNRRF

OUTPUT

A) MCRTMS

B) MCOSIP

C) C(AC)

PRESENT GMT IN FIXED HALF-SECONDS

REENTRY PHASE INDICATOR

PRESENT GMT A (MINUTES)tvD (SECONDS)

SET NON-ZERO TO INDICATE 050RMC IN PROG-

RESS

SET ZERO TO INDICATE ORBIT PHASE

SET NON-ZERO TO INDICATE REENTRY PHASE

USAGE

ENTRY TO MPORMC IS MADE FROM MOPRIO.

A) COMMUNICATION CELLS -

MCHFSC

MCRTMS

MCOSIP

MCNRRF

B) CONSTANTS -

KOO060

KO0000

KO0001

C) MACROS -

TRNON

TRNOF
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D) PARAMETERS -

A

B

C

J

MNORMC

MNORRE

MNCCIP

E) STORAGE REQUIRED - 19 LOCATIONS

I144
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i,tmettoo,Qwttw

: ENTER :

• MPOR_C *
elt_eleeiHe_o_

ttoet*_llm*eoQtti

• TRNON A •
• MNORNC •

lte•oelteHeime• I

X
•aI•OIIe•H•QO•

t • •

• TRNOF 6 •

• • MNORNC •

••tIHil*Hie*•

• TRNON E
• NNORRE

• t •

• ll••immlemlleeo I

• TRNON J

• MNCEIP ee

PRESENT TIME•
INTO NCRTNS •

• A{MINSI0 •
• DISECS| •
••eot,.••tQ.,e•

_eoetwe•otDtte_

: STLINTO :
• NCOSIP •

• o * *NO *******'*********
• IS MCNRRF=O • .............. X_ I INTO AC

• *............. *
_Es

_ei_ioett•o••i_ gQ_ttoe•to•oeot

• 0 INTO AC • ............... X_ EXIT
• • • TO 050RRC

_o*o•eHeee•ee• leeHiteetto•e.

II_5
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6_° 05DRMC - DRBIT, REENTRY HIGH-SPEED OUTPUT

COMPUTATION PROCESSOR

HIGH-SPEED CUTPUT DATA FOR ORBIT AND REENTRY IS COM-

PUTED BY THE PROCESSOR, 050RMC. THIS DATA IS PRIMARILY

TIME-RELATED, CHANGING AS A FUNCTION OF GMT AND/OR THE

ORBIT IN SPACE. DIGITAL DISPLAYS, PLOTBOARDS, CONSOLES

AND MAPS ARE CONTINUALLY UPDATED TO PROVIDE REAL-TIME

TRAJECTORY PERFORMANCE. (SEE FOWCHART.)

INPUT

A)

B)

C)

C(AC) Z ORBIT, NZ REENTRY

TABLES -

TMGTRS TABLE OF VALUES FOR RETROFIRE SETTING

TNINT2 REENTRY DISPLAY TABLE

TMORMC ORBIT, REENTRY COMPUTATIONS TABLE

COPMUNICATION CELLS -

MCRTMS PRESENT TIME IN GMT, A(MINS),,D(SECS)

MCGTLO GMT OF LIFT-OFF (FX. SECS.)

MCTDFS GMT OF RETROFIRE (FX. SECS.)

OUTPUT

TMORMC IS UPDATED TO REFLECT THE LATEST CHANGES IN

THE TRAJECTORY. (SEE TMORMC F()RMAT.)

METHOD

UPEN ENTRY THE QUANTITIES COMMON TO ORBIT AND RE-

ENTRY ARE COMPUTED -

A) LATITUDE OF PRESENT POSITICN

B) LONGITUCE OF PRESENT POSITION

C) HEIGHT CF PRESENT POSITION
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D)

E)

F)

G)

H)

TIME ELAPSED SINCE LIFT-OFF

INERTIAL VELOCITY OF S/C

A - R

INCLINATICN ANGLE

TIME TO GC TO GMTPI OR GMTRB

THE ACCUMULATOR SETTING IS CHECKED TO DETERM_INE MIS-

SICN PHASE. IF IN ORBIT_ THESE ADDITIONAL QUANTITIES ARE

CALCULATED -
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A) REVOLUTIONNUMBER[05REV)

B) LATITUDE IN 7TO SECONDS

C) • LCNGITUDE IN TTO SECONDS

D) TIME TO GO TO GMTRS

FCR REENTRY, THESE ADDITIONAL PARAMETERS ARE RE-

CUIRED -

A) FLIGHT PATH ANGLE

B) TIME ELAPSED SINCE RETRO-FIRE

C) TIME TO GO TO GMTLC

E_UATICNS USED BY 050RMC -

i)

ff ,= a - R

WHERE

2}

A = SEMI-MAJOR AXIS

= AN AVERAGE EARTH RADIUS

-1
i = Sin 2+ hy

WHERE

3) h=_x_¢

7 = Sin-1
R'V

05REV IS AN INTERNAL SUBROUTINE USED BY 050RMC. IT

IS ENTERED ONCE EVERY 30 SECONDS TO CHECK FOR THE INITIA-

LIZAIICh CF A NEW REVOLUTION. THIS IS DONE AS A FUNCTION

CF LCNGITUDE - PRESENT, PREVIOUS AND CAPE. SHOULD A NEW
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REVOLUTION BE ENTERED, AN ON-LINE MESSAGE IS QUEUED TO

SUCH OCCURRANCE.

IN EVENT OF A SYSTEM RESTART, EITHER MAGNETIC OR PA-

PER TAPE, Tt_E REVOLUTION NUMBER ENTERED IN THE COMPUTER

CCNSGLE KEYS BECOMES THE PRESENT REVOLUTION NUMBER.

A PROGRAM FIRST ENTRY WILL ALSO CAUSE THE PERFOR-

MANCE CF THIS EVENT SEQUENCE -

l) COMPUTATICN OF AN APPROXIMATE TIME OF REVOLUTION

NUMBER UPCATE.

_/ = A2_ (period)
27T t

2) INITIALIZATION OF TTF TIME CELLS.

3) UNSUPPRESSICN OF RADAR EDIT.

USAGE

050RMC IS ENTERED FROM MPORMC AND EXITS TO MFORMC

ALL PROGRAM ERROR RETURNS ARE MADE TO MFORMC

A) TABLES -

TMORMC

TMGTRS

TNINT2

B) CONSTANTS -

KDO060

KCGUNM

KCFTSC

KO02.0

K.ERGU

KO0010

KO0??O

KO0060

KOCO06

KI0800
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K86400

KLCAPE

KKK2PI

KOObO.

KCH233

KOCOOI

KOCOO5

K01020

K04200

C) COMMUNICATION

MCRTMS

MCGTLO

MCTOFS

MCTSPA

MCMINS

MCYYYY

MCXXXX

MCORBN

MCNRRF

MCREST

MCREVN

MCHFSC

MCTRNO

MCPER.

D) PARAMETERS -

E

MNMESS

MNLEDI

E} MACROS -

EENBZ

QUEUE

QENBA

CELLS -
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TRNOF

F) SUBROUTINES -

GINTAB

GLINTS

UTINTP

A3MSCP

VMAG

U3XPR

SQRT

ATNAB

U3DOT

ARSIN

G) STCRAGE RECUIRED - 320 LOCATIONS

I153



VOL 11I REAL TIME PROCESSORS PART |I - ORBIT/REENTRY

ENTER

• 050RMC •

• •'•'*+•+'••••°•

*e • _ PRES.TIME-

• BO•.oXl TIME OF LIFT,
• • • OFF INTO •

l• TMORMC+7 •
• i.•a i ***aHmtt

:CCAG) Into os:

Jcc
HHm. I,HIHi,

OSMAG

TSX VRAG

• •••t•.••.+•°••• •

:•HHt,,*H,,_

• PRESENT TIME•

IhTC EBTIS

• •YES

• • IS THERE AN • ° ........................
ERROR ................................

o°•••°,°°°°**••

: TSX_TAE:• (GETERPINE •
INTEG. TABLE]

TSX VMAG • ............ X

°...°°°.°.,,.°..•

°
i

SIAC) = * *N_

• FREF FLT. * ............ , ..........
• TABLE IND. l

_Es

**.o*,o,,,°,°,°o°

TSx UIhTP

. °

• • CBERR 05LIN

• •YES ,,** ,'°°°*°''°'*°'•*•

° " IS ERRcRThEREAN • "_l|B6.CO•e "•• TSX GLINTS _,

° • H•i •
• ,,.°°*•,..HHQ •

°
° hC "

:x ............................... :

ospus

,o.,o•,,.,.H•.

_o..
I

JlT • TSX A_SCP i
°

°•* • .
Hi*•°°..eHW_.

• • • *YES

IS THERE AN • ..................... x.

• • ERROR

• TMOI_.MC +6 •

* (INE:rTLWl.) *
: ............. "

i: .... r_'_.....
-_I _"I_

• HI: EAHL'It I_AI)TUS

a - RE-INTO 'rMORM('+6

•°°o.o°°°.o.°°°

°• ••

tsx U_XPR

..•••••°.,•°*°.

i _ _•

TSX VMAG

• •
•**•••*°°,o°o°°

• "Y_S o*o,•,,,,,•oo,•

" IS THIRF AK " " ............ X_ EXIT

• Err[]. • m_z)_C
i11111111111111

_e

x i,l_lNt't) I'I*,I*)I('vL( I •,,

hlH , INI'() I'MI)I{M(',,I J*e

• °

• • • ,YES °o•,l,***l.,°•,

• * iIS THERE AN + ............ A° EXIT
+ t+<rtJ_ MFI+rMC

• ,
• NU *'**••

.......... X_LAO,),_° •
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e•• •ee_Legeee.__.. I•

J. °

;co:..x)_J+

e •
t

• e •YES

• IS THERE AN • .................. • ....
e ERROR

• INTO 05SNI •

X

• TSX ATNAB

Q •
• eYES •*ee•l**•*.••••

e [S THERE AN •.o* ......... X• EXIT
• ERROR • e RPORRC •

e .•••.•.*•.e--*

• MINDELAY IP •

TIME + tp _

* 770 SECS

• TSX GINTAB -

• OETERMINE • •
INTEG TABLE

• •YES
FREE FLE

TABLE IND. • .......................

NO

05[PP

• TSX UINTP _•

OSLIP 05CCC
•••o..•.*°*••••

." •• _***°

TSX GLINTS *x AOt
• i156•

i'7_;o'_o_;_ .,,
ee(INCLINATION ANGLE)

OSANO 05PUG

- .. : ............. ;
• •PROP. PANEL •N_ • .............. X_ 0 INT0 "

EVENT TIRE GT •
• 05TIS * * TRORNC+)2 •

• . ." : ............, :
• _ES

• • 05CCC

• • • *NO •tit

i IS THERE AN *_ AO••
_KROR llSb•

• ••me

• • _ES _'**-
.......... X• _2 *

IISb.

05CNT

05TPI

• T_O_RC+37
• -05TIS INTO _. .............. X
• TRORNC•32 •

• * • e OSREN

• *NO *.w•

• IN ORBIT • •_ A5 ••

• 05ACC=O 1156e
• * •o••

• • _ES

i

• •NO --•

• _ is J:s ." ._• co:.

lEs

• * TSX OSREV,4 •• .............. x: REINIT. j :.,._ DO:

$ • • COUNTER
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05ERR • e • e

• e I C ACI=O • •

iCO • IN_UF_. VEC ............... IN REENTRY • e_ CL_AT BEG. OF • • SKACI=- • * •

ee* TABLE * • • el•
• e •

;Es ' IES

• • 05POS
e• • ***••,*me* •=•*

• • USE LAST • •••ei eYES •••• ••lee•lee•
• eel• i • • VECTOR !N • • •o

IS THERE AN •oo,o* ........ * ..... *°o° mCI•K= EXIT • •REENTRY FABLEe.*°X AT •
• ERROR • • • • HFOBNC • • FOR COMP. ! ll_4l

• e ei •••••eeeee•ee•• • PURPOSES • ••m•
• •

• _o

OSCNT * • 05NEG

: ............. : .... * " .NO : ............. :
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T70 $ C TO• • O_TIS
••IN TRO_•2 • _.• • • • • * Z? •
• e*e•e•H•He*• • • •

• _ES
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i INTO •. .............. X• EXIT
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OSREN

=eH•lHi • *II,• _*•*H•*• • **••_
el•

_J_liJ TSX V3OCT e• _BS•.,X: INTO
• • e e T_ORRG •8 :

FLIGHT PATH
ANGLE

o•oae•g,o • •••••

T SINCE
• OBTIS- TNSSECi _ETROFIRE

• e TSR ARSIN •e• _ INTO
TNORHCtZ6 COHPUTEO.

i •
• _.*.. .... ....*_
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o*•*l*-ete*•*••

ENTER

* SAVE XRE XR¢:

e•,,,e••,,ee•.•

• " eyES
IN REENTRY e

PHASE PCNRRF e .......................
• "• NO_ =IO e
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*DO*..X* TIME OF REV.I
• • * NO. UPDATE .e
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• • e
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65. MFORMC - MONITOR SUFFIX TO ObORMC

MFORMC PREPARES 050RMC EXIT CONDITIONS. (SEE FLOW

CHART)

USAGE

MFORMC IS ENTERED FROM 050RMC.

A) COMMUNICATIONS CELL -

MCC51P

B) MACROS -

TRNCN

TRNOF

C) PARAMETERS -

A

B

C

MNCRMC

MNCRRE

MNCCIP

D) STCRAGE REQUIRED - 8 LOCAIIONS
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,,ittollal,o.eo

i ENTER :
MEORMC

HwolleHtIOtet

:,,,otole,,,oI:

:0INTOMCOSIR:
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MNORRE t

"H,I.*.*W*_t. HJ

O I TRNOF C :*
MNOKRE

",Ht.*°*°.t.,H

t,°''.°°°'°'t°, °

o" TRNOF A m°

MNORMC

,eli,Q,t,mQt,e,

i E_zt :
MOPKI0
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66. RVECHT - COMPUTE HEIGHT VECTOR

SUBROUTINE RVECHT IS USED BY MYREN2 AND RSRARF TO

COMPUTE A VECTOR AT A SPECIFIED HEIGHT. THIS SUBROUTINE

IS WRITTEN FOR B CORE WITH ALL TEMPORARY STORAGE AND

CCNSTANTS IN A CORE. (SEE FLOWCHART)

INPUT

A)

B)

C)

D)

E)

F)

PROCESSCR -

NOCPNI

SUBROUTINE -

A3MSCP

MACRO -

QTSX

PARAMETERS -

MNBBNI

MNCPNI

NUMERICAL INTEGRATOR

COMPUTES SUB-CAPSULE POSI-

SITION _, @, H

SIMULATES A TRAP AND IS USED

TO QUEUE INTEGRATOR (NOCPNI)

EQUALS THE SIZE AT THE INPUT

TABLE TO THE INTEGRATOR.

INTEGRATOR ROUTINE NUMBER.

COMMUNICATION CELL -

MCRWGT CONTAINS THE REENTRY WEIGHT

IN FLOATING POINT POUNDS.

TABLES -

L(HEIGHT) A 1-CELL TABLE CONTAINING

THE HEIGHT, IN GEMINI LENGTH

UNITS, AT WHICH A VECTOR IS

TO BE COMPUTED.
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LIINPUT VECTORS)

L(N.I.TABLE)

A 14-LOCATION TABLE CON-

TAINING TWO VECTORS WHICH

BRACKET THE SPECIFIED HEIGHT

IN THE FORMAT t 1, _1' VI' t2'g2"_2

THE TIMES IN FLOATING POINT

SECONDS AND THE r_s ANDS'SIN

GEMINI UNITS.

A TABLE WITH MNBBNI NUMBER

OF LOCATIONS WHICH IS USED

TO SET UP INPUT TO THE IN-

TEGRATOR.

OUTPUT

L(OUTPUT} A IO-LOCATION TABLE IN THE

INTEGRATOR OUTPUT FORMAT FOR

A SINGLE VECTOR I.E._ TIME

UNIT INDICATORt STORE IN-

TERVAL_tl' tn' rn' Vn , WHERE

THE TIMES ARE IN FLOATING

POINT SECONDS AND _n' _n IN

GEMINI UNITS.

METHOD

A)

B)

C}

IF EITHER tI OR t2 = O, THEN AN ERROR EXIT IS

TAKENt LIKEWISE FOR ANY SUBSEQUENT ERRORS.

A HEIGHT IS COMPUTED FOR EACH INPUT VECTOR USING

A3MSCP.

THE TIME AT THE SPECIFIED HEIGHT tH IS LINEARLY

INTERPOLATED.

= t I + h, WHERE h = (t2-t I) (H-HI)/(H2-H I)t.
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D) THE OUTPUT VECTOR IS COMPUTED BY INTEGRATING ONE

STEP FORWARD FROM tI TO tH. THE INTEGRATION IS

BASED ON ZERO LIFT USING THE REENTRY WEIGHT.

E) tH IS GOOD TO WITHIN 0. I SECONDS ONLY IF (t2-t1) <

25 SECONDS.

F) NOTES -

I} ALL INPUT MUST BE IN A-CORE. THE REASON FOR

THIS IS TO MINIMIZE THE NUMBER OF SEB AND

SEA INSTRUCTIONS.

2) A3MSCP IS AN A-CORE SUBROUTINE USED BY

RVECHT THROUGH THE LINKAGE ROUTINE RVA3M.

USAGE

A)

B)

C)

CALLING SEQUENCE -

TSX RVECHT,4

PZE L(INPUT VECTORS)),L(HEIGHT)

PZE L(N.I. TABLE)))L(OUTPUT)

ERROR RETURN

NORMAL RETURN

STCRAGE REQUIRED -

B-CORE 80 LOCATIONS (PROGRAM)

A-CORE 28 LOCATIONS (STORAGE, CON-

STANTS) LINKAGE)

TIMING - 3.846 MILLISECONDS EXCLUDING THE ONE

STEP INTEGRATION TIME.
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• • RVERR

• • • *YES ••* •• :'''*•**•*'**•*

• • * * * • . t INTO 14,3 (GMTIR)
_BO:X IS TMERE AN .X D6• *CO•.oX- I

• ERROR _ -tlINTO 13, 3 (GMTRB)

;o

RVECHT
**•*•.=•••.*.•* .•••••.• . *

: :.............: . BEEN;R;"':
SAVE IR'S _ : HI INTO RVHI_ *(NCRWGT}"WEIGHTINTO•.
4,1,2,3,5

:.............: :.............: : iz,3.o INTO-......5_:I....:

ENTER •

• RVA3M *

• SET ADDR OF *

• NORMAL RETURN•

• FROm C(XR_| •

• CCMP-LIIN •
• VEC} INTC XRI.
• L(HGT) INTO *

• XB5 *

:............. : -""" .... -
• SET UP RETURN• • .

• SEQ FROM • 2",3 " X COMPUTE .

•"RVA3MFoR[ACOREI•H2 * _ _IlNTO 3,3. • , @, HT .

• •.•**•..•H•** ' 513 •*•*•'*==****'•**

• L{N.I. TABLEIm

• INTO XR3 •

• L(EUT) INTO •

• XR2 •

.••t.•.••.•••..•

• Z KVA3N (TIARVA3M) _*
COMPUTE

• _2, @3, H2_•"

• ***•*'•**••'*''* • " * •YES

•. QFS*MN..... : • .• HBCN[ QUEUE * IS THERE AN • ........

INFEGR * . ERROR

;o

• • RVERR

• •YES --•

. * tI(o,1)=o " *_ o6:

• RVERR

• •NO •••

• * t2(7,1) =0 • *i O61

• • • " °*,

• _ES

• SET N.I. CONT•

• WO RVCPHI •
• [TXXXXX_ •

• MNBBNIp,S2) •

• SAVE INPUT •
• HEIGHT 0t5 •

N RVM •

• * RVERR

• " • -YES •**

• IS THERE AN " •_ D6_

ERROR • • *

H2 INTO RVH2 m

• h = (t2-tl) (H-H2)/(H2-HI)

• h INTO 7,3 STEP SIZE

*H.•n•.•••.**

:h INTO 9,3 DELTA T F

"0 INTO 8,3 DELTA T B

RVERR

• mYES ••* •••l•••*••••**•

• IS THIS AN *X 06: EXIT

ERROR RETURN _ TIB *

• _o

;¢

• mYES : :

TABLE • ....... • TIB RVERR *

• REACH IOK •

_O

............... X

RVERR

:.............: .. :.............:
: RESTORE XR4 • :Db:..X: xR_RESTORE+1XR41NTO.*

• • • XR4 *

:X ................................

• RESTORE XRS
1_2t3t5

• SETUP RETURN=

• SEQUENCE FROM-

• RVA3M IACCRE)m

:*';W;3"3;":
: OUTPUTS PERINTEG°=I+L

• (OUTPUT] INTO•
• 10t3

i EXIT :
TRA _.4* *

X

RVA3M (TIA . **•l.
• " RVA3M) *X BO*

COMPUTE • • -

• CONTROL WORD* •**

:RVCW_NTO :..Aco:
• 11, 3

-t I (0, I) INTO 6, 3



VOL liT REAL TIME PROCESSORS PART IT - ORBIT/REENTRY

67. R6ESTF - ESTIMATED TIME-TO-FIRE PROCESSOR

R6ESTF IS A CLOSED SUBROUTINE OF MYTTF4. IT COM-

PUTES A FIRST GUESS TO A RETORFIRE TIME, GIVEN AN ORBIT-

DEFINING VECTOR AND A TARGET. (SEE FLOWCHART.)

INPUT

TMGTRC

TDRDWT

TOSSCH

FIRST 7 LOCATIONS CONTAIN x, y, z,

x, y, z ANQ T OF A CAPE VECTOR.

R6ESTF USES THIS VECTOR, WHICH

IS AT THE BEGINNING OF THE RE-

VOLUTION OF THE TARGET, TO

CALCULATE AN ESTIMATED TIME-TO-

FIRE RETROROCKETS TO HIT THE

TARGET.

FIRST 6 LOCATIONS ARE CURVE-FIT

COEFFICIENTS OF DOWNRANGE DIS-

TANCE AS A FUNCTION OF ECCENTRIC

ANOMALY. THE FINAL 6 LOCATIONS

ARE THE CONVERGENCE CRITERION ON

ECCENTRIC ANOMALY, CORRECTION

FOR THE EARTH'S ROTATION, CIR-

CUMFERENCE OF THE EARTH IN

NAUTICAL MILES, PRIMARY AREA

DELAY, 80 ° IN RADIANS, AND A

FACTOR TO CORRECT FOR NEW LIFT

AND DRAG COEFFICIENTS, IN THAT

ORDER.

EIGHTH WORD CONTAINS TIME BE-

TWEEN THE PRERETRO OAMS BURN AND

INITIATION OF RETROFIRE.
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B) COPMUNICATION CELLS -

MCTYPE CONTAINS THE QUEUE WORD FOR

NYTTF4. R6ESTF USES THE ADDRESS

TO OBTAIN THE LONGITUOE AND

LATITUDE OF THE TARGET AND THE _v

OF THE PRERETRO OAMS BURN.

C} CONSTANTS -

KKK2P[

KLCAPE

KOOPI

KRTDEG

KO060.

KCH233

D) SYSTEM SUBROUTINE -

R7EOAM

E) LIBRARY SUBROUTINES -

BBSQRT

BATNAB

8BBCOS

BBBSIN

BARCOS

F) CONDITICNS ON ENTRY -

MERELY THAT THE INPUT CELLS MUST BE SET. NORMAL

RETURN IS THE TSX LOCATION PLUS TWO, ERROR

RETURN TSX LOCATION PLUS ONE.

OUTPUT

THE ESTIMATED TIME-TO-FIRE THE PRERETRO OAMS ROCKETS

TO HIT THE TARGET IS LEFT IN THE ACt UPON NORMAL EXIT,

IN FLOATING POINT SECONDS. IF THERE IS AN ERROR RETURN

DUE TO AN ELEMENTARY FUNCTION ERROR RETURN, 0 WILL fiE

LEFT IN THE AC. IF AN ERROR RETURN IS DUE TO NON-CON-
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VERGENCE,T_E LAST VALUE OF tE AFTER 60 ITERATIONS WILL

BE LEFT IN THE AC.

METHOD

THE METHOD OF CGMPUTING THE FIRST GUESS CONSISTS OF

ITERATING UNTIL WE FIND THE ECCENTRIC ANOMALY SUCH THAT

FIRING THE PRERETRO OAMS ROCKETS FOLLOWING 12 MINUTES

LATER BY THE RETROROCKETS GIVES A DOWNRANGE DISTANCE

(CONVERTED TO CENTRAL ANGLE) WITHIN 40 N.M. OF THE DIS-

TANCE BETWEEN THE PRESENT POSITION LOCATION AND THE

TARGET. USING THE MEAN MCTION, THIS ECCENTRIC ANOMALY CAN

THEN BE CCNVERTEC TO A_t, WHICH IS THE TIME FROM THE

STARTING POINT, THE CAPE VECTOR. DETAILS ARE GIVEN IN THE

FLOWCHART.

USAGE

ENTRY IS FROM MYTTF4 AND EXIT TO MYTTF4

A) CALLING SEQUENCE -

TSX R6ESTF,4

e ÷I ERROR RETURN

÷2 NORMAL RETURN

B) STORAGE REGUIRED - 545 LOCATIONS

C) TIMING - MAXIMUM (CONTINGENCY AREA, 60

ITERATIONS)

63.205 MS ÷ 60 • R7

WHERE

R? IS THE TIME REQUIRED TO EXECUTE

RTEOAM.
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ENTER

• RYTTF4 •
ttmm_oimomHiH

RGNXT

-* ;.............. .. :_;h'5_*tU_P:
:Bo:..x: _ __T :coL.J ° - _*l oo--xR_
eee• _ -_ e + 2 _ •me a _ & V_ ROIN + 3

RGESTF

• SAVE XR4 •

•o•ig•l••••.•.o

am "CORRECT FOR"

:BI_ x_EARTHS ROTATION
• •'° •_ X= (1+22.5/

• • • 337.5) _

60 TO R6FLI ""
• 120 TO R6FLO

0 TO R6SAV+3
ITERA*_ONCO_NT

• A3MSCP CALL ••.
"%C _ LONG, LAT.

• CAPE VEC USING •

• t,x,y,z FROM •

TM6TRC AS LNPUT

• • R6ER2

• " " •YES ••••

IS THERE AN *_ CO••

ERROR 1168•

_o

• • • • RGLOP ••••**•••.*..••

• •NO •• "CALL DECAY ORBIT

• A A * . ........ _C2_x•PARAM. HT. APOGEE, KAR

• • GT _ • - ... ••HT. PERIGEE, hpE R

• • ECCENTRIC ANOMALY

• _ES E" ANDRE = E"- E

:TAKE PTI80 ° :

• FROM CAPE •

.x .................

i
ll.H•••.••.•oo

: SEENOTE3 •:

• SEE NOTE I

RbPRI
• • o *•*H•••m•*m*.•

• IS TARGET A.NO •SET LONG OF •
• CONTINGENCY •

AREA. • .............. x_CAPE VEC TO

S(MCTYPE) -LONG OF CAPE.
• NEG. • •RADAR

_ES .4877148I INTO X c

• SEE NOTE 2

• A X = *

• h - _ •
• T c •

: SEE NOTE 4 :

RbNXT

• •XC < _T • •YES •°•

• •< _C + 180 TA]RGE_ •_ C0_

• •IN EAST IIEM_ • •••••

GT 0 •x Bl•

• • • • •o•

.......... x. BO•

RbNXT

:.............: ...
DR OIST = • • •

21,800 NM - *...x CO•

• DR DIST • •

NOTE 1

COMPUTE USING CAPE VECTOR FROM TM6TC:

R LENGTH OF SEMI-

a = -- MAJOR AXIS
2 -v2R

p = 2 _r a 3/Q PERIOD

m _ 2_ /P MEAN MOTION

e = A2_+B 2 WHERE ECCENTRICITY

A =_.-¢/_--Am_ = RV._ 1
E = tan -1 (A/B) ECCENTRIC ANOMALY

M = E - e sin E MEAN ANOMALy

cos i = x y- y x COSINE OF INCLINA-

/_ TION ANGLE- e2)

NOTE 2

COMPUTE USING CAPE VECTOR:

¢ = cos -I RZ - VZ _ \ AZIMUTH

\ _ v_/ /

• • R6ERE

• •YES •-•• •*. • DRDIST =DRDWT + DRDIST

IS THERE AN • *_ CO*• _03•..X _ M = _ 2

ERROR • 1168• _••* _ E = '
• - • •••• XRI _ XR1 - 1

_o

• • R6ER2

"'_•'_*"**'****_ * * * *NO ,***

CONV 5E FROM• •
RAOIANS TO • • IS XRI GI I • *-_ CO ••

DEGREES I0 • • llbB-
N.Mo ° • •_•_

• • _ES X" C2"

R6LOP

: SEE NOTE_ :

• SEE NOTE b •

• R60U

• NO **•-

IS /AMISS/ GT *X RO *
_0 N.M. 1168•

• . ;ES ,.';:.

NOTE 3

CALCULATE APPOILXLMATION to _r:

0T = tan-i in 8c cos &k + sin Ak

cos _c

NOTE 4

CALCULATE DOWNRANGE DISTANCE FROM

CAPE TO TARGET, I_RDIST:

DRDIST = cos -1 (_t " _c ) WHERE

r'T : (cos (bw cos _T .... 4,T sin _W' sin _T)

_c : (co_ % _o_ ½.... % _ _, _ %)

NOTE 5

CALCULATE CURVE FIT

COEFFICIENTS:

hAp - hpE R

a I = .95 _ 1325.

hAp - hpE R

a 2 = .95 74. 340.

NOTE S

CALCULATE:

DRDWT = a 0 + a I sin E" + a2 sin 2 E" + SE

E' = E + (DRDLST - DRDWT)/60.

M' E' - e sin E'

DRDIST = DRDIST ..... (_'_-) W E

AMISS = DRDIST - DRDWT-

E'=E + (DRDIST- DRDWT)/120

M' = E' - e sin E'

At = At + M ri-
M

DiiDWT: DOWNRANGE

DISTANCE WILL TRAVEL

FIRING RETROS AT

SOME ECCENTRIC

ANOMALY E"

W : EARTH'S

ROTATIONAL VELOCITY
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R60U HbER2

... : ............. : ... : .............
• • • ITERATION • • •

• B0 .oXm COUNT - • -CO ..Xt RESTORE XR4 *

• * ,60-XRI+I INT01 • • •

• •• • RESAV+3 • ••• •••••**•****••••

............... :.............:

• tc + _l _ 0 INTO AC m

: INTOAC : ..
• tl.: IN FI,OATIN(_, •t••eeetee•m•tm

PI'. _l,]('s

• eN[] • eyE% ••.- **
I

• IS CELIA V z • ........ • IS RbSAV*3 = mX D) * mO2*..Xo HESTORE XR6 "

6 • 0 • l|6T• • • •

• • • • HI• i• •"HI**IIO•HI*•
g m

_ES

_,••,I••°•••••_

AOO 12 MINS !
TO AC

_•..,,HHHI,*

le•••••omIll°o•

• t * _ INTO AC," i•.•mml••..•le*

ERROR RETURN

_l°•amm•o•eetl_

R_SVORExR4 :
:
*...laHHm•,•.

• NO •••

• * IS OELTA V . •" i_, O2_,

• • H•

• i

_'ES

: EXIT :
MYTIF6

_,•••t••iI••••_ •it

TO AC i •

:.............: ---
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68. R7ECAM - FIRST GUESS FOR TIME TO FIRE RETROS

PROGRAM RTEOAM UPDATES CERTAIN KEPLERIAN PARAMETERS

TO REFLECT A CHANGE IN VELOCITY DUE TO AN IMPULSIVELY AP-

PLIED CAMS BURN. IT ALSO COMPUTES THE ECCENTRIC ANOMALY

AT RETROFIRE AND APPROXIMATES THE EARTH-RELATIVE CENTRAL

ANGLE SUBTENDED BY THE SPACECRAFT FROM THE BEGINNING OF

OAMS BURN TO THE BEGINNING OF RETROFIRE. (SEE FLOW-

CHART.)

INPUT

A)

B}

C)

CONSTANTS -

KOO.SG CONVERTS SECONDS TO GEMINI TIME UNITS

K.OMES ROTATION RATE OF THE EARTH IN RADIANS

PER SECOND

LIBRARY SUBROUTINES -

UISQRT

UISICO

UIASCO

TABLES -

TOSCCH

L(INPUT)

TOSCCH+8 CONTAINS 6t, THE TIME INTER-

VAL BETWEEN THE BEGINNING OF OAMS BURN

AND THE BEGINNING OF RETROFIRE IN

FLOATING POINT SECONDS

THE LOCATION OF THE FIRST ENTRY IN A

FIVE-ITEM TABLE WHICH CONTAINS THE

FOLLOWING -

L(INPUT) a, THE LENGTH OF THE SEMI

MAJOR AXIS OF THE ORBIT IN

FLOATING POINT GEMINI LENGTH

UNITS
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+I

+2

+3

+4

e, THE ECCENTRICITY OF THE

ORBIT, A FLOATING POINT DI-

MENSIONLESS NUMBER

E, THE ECCENTRIC ANOMALY OF

THE SPACECRAFT POSITION, IN

FLOATING POINT RADIANS

Av, THE CHANGE IN VELOCITY

DUE TO OAMS BURNt IN FLOAT-

ING POINT FT/SEC

COS i, THE COSINE OF THE

ANGLE BETWEEN THE ORBITAL

AND E_UATORIAL PLANES, A

FLOATING POINT DIMENSIONLESS

NUMBER.

OUTPUT

A] TABLE -

L(CUTPUT] THE LOCATION OF THE FIRST ENTRY IN A

SIX-ITEM TABLE WHICH CONTAINS THE

FOLLOWING -

LIOUTPUT) THE APOGEE HEIGHT AFTER OAMS

BURNt IN FLOATING POINT NAU-

TICAL MILES ABOVE THE SUR-

FACE OF A SPHERICAL EARTH

OF RADIUS 1.0 GLU

+I THE PERIGEE HEIGHT AFTER

OAMS BURN_ IN FLOATING POINT

NAUTICAL MILES ABOVE THE

SURFACE OF A SPHERICAL EARTH

OF RADIUS l.O GLU

+2 _ , THE LENGTH OF THE SEMI

MAJOR AXIS OF THE ORBIT AF-
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+3

+4

+5

TER OAMS BURNt IN FLOATING

POINT GEMINI LENGTH UNITS

e', THE ECCENTRICITY OF THE

ORBIT AFTER DAMS BURNt A

FLOATING POINT DIMENSIONLESS

NUMBER

EIT, THE ECCENTRIC ANOMALY

AT THE BEGINNING OF RETRO-

FIRE, IN FLOATING POINT RA-

DIANS

SEt THE EARTH RELATIVE CEN-

TRAL ANGLE SUBTENEDED BY THE

SPACECRAFT FROM THE BEGIN-

NING OF OAMS BURN TO THE

BEGINNING OF RETROFIREt IN

FLOATING POINT RADIANS

METECD

E IS FIRST SCALED TO ASSURE THAT

0< E<2u o

AFTER WHICH THE FOLLOWING KEPLERIAN PARAMETERS ARE

CCMPUTED -

r -- a (1-e cos E)

h 2 = a (1-e 2)

V 2 (2/r) - (l/a)

V T = h/r

TEE CHANGE IN VELOCITY DUE TO OAMS BURN IS INTRO-

DUCED. IT ACTS IN THE ORBITAL PLANE PERPENDICULAR TO THE

PCSITICN VECTOR, AND OPPOSITE THE DIRECTION OF TRAVEL.
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V T' = V T - AV,

h T = r .VT' ,

(V')2=(VT')2 +V 2 _VT 2,

WHERE THE LAST TWO TERMS REPRESENT THE SQUARE OF THE VE-

LOCITY COMPONENT PARALLEL TO THE POSITION VECTOR.

a' = r/E2 - r (V')2]

e' = VI - (h')2/a '

BECAUSE OF THE INHERENT INACCURACY OF THIS FORMULA-

TICN OF e' • A LOWER LIMIT OF .3 x 10 -6 HAS BEEN ESTAB-

2
LISHED FOR (e') . FOR VALUES BELOW THIS, THE PARAMETERS

ARE SET AS FOLLOWS -

e' =0

apogee = perigee = a' -1

E =_r

THE FLCW THEN CONTINUES WITH THE COMPUTATION OF THE MEAN

ANOMALY M I.

FOR VALUES OF (e,) 2 GREATER THAN THE ABOVE CRIIE-

RIONt CCMPUTATICNS PROCEED AS FOLLOWS -

apogee height = a' (i + e") -i

perigee height = a' (i - e') -i

Cos E' - 1 (1 - r/a')
e'
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FGR E' NEAR PERIGEE OR APOGEE, WHEN I 1 - r / a' I _e',

THE ERROR IN e' MAY DRIVE /COS E'/ ABOVE 1.O. THUS IF

1.2 >1 cos E' I > 1.0,
/ /

ICOS E' I IS SET TO I.O.

E' IS COMPUTED USING UIASCO, WHICH LEAVES IT IN THE

RANGE 0 TC _ . IT IS THEN SCALED AS FOLLOWS -

- E'" E'2 _ _ for _< E < 2_

E' _ E' for 0< E <

THE MEAN ANCMALY AT RETROFIRE CAN NOW BE COMPUTED -

M' = E"-e' sin E'+Srt/a 3/2

KEPLER'S EQUATION,

M'= E" -e' sin E _'

IS SOLVED FOR E'', USING

E " =M' +e' sinM'
O

AS AN INITIAL GUESS FOR E'', AND

M ' =E " -e' sinE ",
O O O

AM' =M' -M ' and
0

AE " = AM"/(I-e' Cos E ")
O O

FCR ITERATICN ECUATIONS.
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THE APPROXIMATION OF THE CENTRAL ANGLE IS THEN COM-

PUTED

5E = E " - E' - _ 5t Cos i
e

WHERE

SEC.

IS THE ROTATION RATE OF THE EARTH IN RADIANSI
e

USAGE

A) CALLING SEQUENCE -

TSX R7EOAM,4

PZE L(INPUT)ttL(OUTPUT)

ERROR RETURN

NORMAL RETURN

B) STORAGE REQUIRED - 237 LOCATIONS

C) TIME REQUIRED -

7094 MAXIMUM 14o52 MILLISECONDS

7094 AVERAGE 3.69 MILLISECONDS

D) ERROR CONDITION - AN ERROR RETURN INDICATES ONE

CF THE FOLLOWING -

I) AN ERROR RETURN FROM ONE OF THE SUBROUTINES

2) THE ABSOLUTE VALUE OF COS E' EQUALS OR

EXCEECS Io2

3) THE ABSOLUTE VALUE OF E IN THE INPUT IS

GREATER THAN 40 _

4) KEPLER'S EQUATION DOES NOT CONVERGE IN 25

ITERATIONS

E) THIS PROGRAM HAS BEEN CODED FOR USAGE IN B CORE.

IT IS ASSUMED THAT THE INPLI AND OUTPUT TABLES

ARE ALSO LOCATED IN B CORE. THE ONLY A CORE

CELLS USED ARE THE FOLLOWING -

TOSCCHe8

KOO.SG
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K.OMES

NORMAL LINKAGE FOR A CORE LIBRARY SUBROUTINES

II?5



ENTER

• RTEOAM

**IHeHIIH*.*
• SAVE XRS •

sl,2,_ _ 5 2°S.• _A. •
eLIINPUT] INTOe
• XRl •
HtH*,,tHJt.,

V0t III REAL TIME PROCESSORS PART II - ORBIT/REENTRY

RTSZP

_.**°,*o*.,*.*_ °***°.**.°*.***
.**. . ** _ a -ffEM_ COS (E)

*801..X*E-Z_ INTO E _ *C0*..X* INTO z

• R7ERR

+ * + •NO *-•+ _++••.+•+•a•.+_

• *a + (TEM_ e •is COURTGT ; + ,_ era.
.z :

• liT8* INTO

• * • " •**" _*H*H****+H_

;ES

*+ r .... -

a * a INTO a' •
*a *

**+a****at*aH*

• U I_QRT

a COMPUTE •*

* 4_- a

i 2'S COMP •LICUTPLT
ZNTC xR_

a • R7ERR
• a •YES *m+•

" IS IHERE AN + +_ B8 a*

ERROR • 1178+
• a+a*

• a a

NO

:2o Into ccuRT:

_*•+.H,mHH•!

R?PSC + RTS2P • • RTERR
+ +

** • • •NO• + 1"" • • "'a • • •NO• _.*.•

_14_X IS E LT 2. +X B0• •B+tX IS COUNT GT t _X B8 +

e • + • • • • • l • ItTBa

• • * •

• ;+s " ;+s

• + RTERR

. " aYES •Ha

• IS THERE AN • +_ B8 •+

a ERROR a 1118•

• +**,

* * _0 •

:

a INTO v 2

j*INTO TEMP+I **

••+•***•a.aeH*

•++a.•a+a.a++a+

i - (h,)2],,

" INTO (e) 2

RTMSC

_.°,o.°°°-,,.._

_EOUNI-I [NTO_

• COUNT •

He°+° ••••+.H+

.x .................... , .......... ;

- + " *YeS ** ............ ; ***

• " IS E L+ 0 * . .............. x** E+2 INt0 E:..,_ B_,**

• a a

• *,HH*•.H•H** H*

• t _C

A
,+.•HHml•,.•,

." al INTO •

: r_:m,. :
IIOIIIIOIOalll_

"•'.°+++l.a+.°,

• UISICC **
I t CCPPUIE

CCSIEI

".•,•.•,,i..,.., "+

• h/r INTY_ v t *

_CONVERI OELTA_

* &V TO GVU +

o

INTO v t t

• ............. :

+•+++a•H•H••**
r v' t

" INTO +,' :

-.............:

• _e) 2 LT/* aYES .am•

• a .0000003 * +_ BO••

11771
a +H°

a

_+o

RTCEC
+.••++aaa*a*l+a

+a U1 RT *

I a _ a

• INTO e •

a • RIE&R
• +

+YES tea*
a @

a IS THERE AN •X B8 •
ERROR 1178.

• _o :**'.
.......... X+ AO •

lllTi
+.H

• _tfmm

• •YEE .,•.

• IS TPERE AN • °_ Be •.
ERROR • LI781

a ° .,•+
t

:._ ........ co.

lit6

a ,_ + v2 _ +•*

!L _ iNTO(v,_:-"1 _°:
+ t • +•.
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•.. : ............. : ... : .............
:A0+..X_ a' e INTO " .80" *..X*e ¢ INTO e

• .." " "• TEMP : ..." " _ .............
l++l..+im • I+1.i

+e*ee...le**l+*

o'a _ + TEMP i

_CONV to N M.

IINTO HAp

Ca- 1 CONV *

:To NmINTO :
_HKp, HpE R

:com TO_,_:
• INTO HpE R

RTTST

: • INTOE : ........... :c2:x" coRPurEUlS'C°".
_ **** * SINIE'I e*

"INTOcos E •

• • RTERR

• * * -NO •e,,

• IS THERE AN " *_ B8**

ERROR • llTB•

• YES

• R7ERR

*iCC_E'I''NO *,*.
• " • -_ 0O'l

• LT 1.2 * llTS-

• •

• • YES

.

.. RTC. :';_7_'o'_':
. "ICOSE'I oYSS............... _:=x._NT :
e GT 1.0 _ CHNGE SIGN •

" , e

* NO

°

:x ............................... :

.

RTCPR X
tllJlllllllllJJ

e UIASCO
i

COS -I (COS E') "•

e e INTO E' *

,•,e•°.*•••••°e

: (TEMP + 1) :
i + E ] - e SIN •

: (E') INTO M 0 j"

e

• * " ,YES _ ..... * .......

• • M'_ GT/ * • .............. X_ M'0 -- 2_

= 2 = . : INTO M' 0 :

• •.*..o**•.*.***

• * _U

_X ................................

;
i)oiteltQJ)ottl

)
OlSl60

• CDMRUIE SIN

(R ')

• • R7ERR

• eYES --•+

• * IS THERE AN " *_( B8*•

ERROR 1178"

• • e • .•••

i
• • RT'IST

• • • •YES •••

• le=

RTTST

* 2_ - E' INTO : •I•1 e

• E' i...X C2-

• e RIERR

• •YES *•-.

• IS THERE AN •_ B8 •

ERROR • I178e

• e e • e.•.

1

: Mh + e SIN

: (m_l inTO E'0 :

RTITR

• 25 INTO COUNT_°.._ A[ •"

: : _H_"
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RFITR

*A1 • UISICC

• COMPUTE SIN' o
*.** *e,..**..***."

• • RTERR

• " * *YES .*•

IS THERE AN *_ B8_

ERROR • • •

• _c

a•wHot••aHut_

M' o - E'n

• + I' SIN (E' 0

INTO M •

•D3•..X.
• • _ INTO 6E

• RTEPP R72PR

• I_MI " .yes -"............. *" •..............._.- E' - •
• • • e

E''* ................. X.6 t COS i INTO _ ............... x •

• LT CRITERION • .............. X_E' o INTO • ee 6E

i
RTCTR RTXRS

• *NO

• IS COUNT GT | • . .......................

_ES

• COUNT -[ INTO_

• CCUN1
_••.OOOOH•.H*

•'•'•'.'••'••'•'•

UISICC
• CCPPUTE

• COS(E'o)

• .YES
• •°°'°

_ELTO .x 03.
• • •

• • * • ooo

• _o

R/TTR

•..,.....••.....

; :_'o _,1 _ ""

• INI() |1'o

°°H•°°_O•HO°O

i EXIT
It) _,4

...•.........•.

• • RTERR

• " " ._s ,.. : ............. : : ............. : : ............. :

• Is TvER_ A_ • • ........ _BE•..x _ REstORE xR4 _ ................. x_CIxR4}+| INtO_ ................. x_r_sTuR_ Or.It.

• ErRoR • _.. _ • • Cliff} • • xrS •
I t11111111111111 IIIIIi111111111 !11111111111111

RESTORE XK4 •
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69. MPBU£C - MONITOR PREFIX TO BUDCCP AND BUOBCP.

SEE FLCWCHARTo

INPUT

MkBUDC IS QUEUED WITH AN UPPER CORE BLOCK NUMBER FOR

PROCESSING.

OUTPUT

MPBUDC SETS UP A BLOCK OF RADAR DATA FOR BUDCCP OR

BUGBCP.

METHOD

MPBUDC SUPPRESSES THE DIFFERENIIAL CORRECTION PROC-

ESSORS. THE INPUT AND OUTPUT LOCATIONS FOR BUDCCP OR

BUCBCP ARE INITIALIZED AND THE RADAR DATA IS MOVED INTO

THE INPUT BUFFER. CONTROL IS THEN PASSED TO BUDBCP FOR

ORBIT PROCESSING OR TO BUDCCP FOR REENTRY PROCESSING.

USAGE

MPBUDC IS ENTERED FROM MOPRIO AND EXITS TO BUOBCP

OR BUDCCP.

A) STORAGE REQUIRED -

387 LOCATIONS INCLUDING INPUT AND OUTPUT BUFFERS

B) COMMUNICATION CELLS -

MCDCCP_

MCPHSE

C) TABLES - TMDATA

D) MACROS - TRNON, QENBZt QENBA, QMOVE
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O

E)

F)

G)

PARAMETERS -

At Jt M_BUDC, MNDIFC, MNDIFM_ MNDIFKt MNUCBLt

AND MNBTCA

CONSTANTS - KO0003

TIME RECUIRED -

.028 MILLISECONDS EXCLUSIVE OF TIME REQUIRED

FOR UNQUE AND QMOVE MACROS.

1180



VOL [lI REAL T[ME pRDCESSORS PART I[ - ORBIT/REENTRY

MPBUDC

,,**e.,*°,*t-H

• ENTER _

..tH.**o-**o°,

MNBUDC

mr•°'''''*'*'°*'*. **o • SET UP INPUT•

,• TRNON J _C3-..X- AND OUTPUT •

MNDIFC PARR AND "
• , * OMOVE PAKA •

o" TRNON J • • QMOVE m m

• MNDIFM * ". *

Q***.,*.*******
• ***ta,°*****°,* °

°° TRNON J *

• MNDI_K *

• _ENBZ •

• *YES ***°**••''''*'' .
D

• REENTRY PHASE . ............ x* EXIT
• BUDCCP

o

.,.***•,.**•*Jo *

EXIT

• BUDBCP

UNDUE MNBUDC e-
Q
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70. BUDCCP - REENTRY PHASE BACK UP TO DIFFERENTIAL

CORRECTION PROGRAM.

BUDCCP OBTAINS SIX POSITION AND VELOCITY VECTORS

OVER A GIVEN TIME SPAN UTILIZING LEAST SQUARES SMOOTHING

TECHNIQUES ON LOW SPEED RADAR DATA FROM A SINGLE STATION.

IT ALSO COMPUTES GEODETIC LATITUDE, LONGITUDE, GEODETIC

HEIGHT, STATISTICAL INFORMATION AND LANDING FOOTPRINT

DATA ASSOCIATED WITH THE VECTORS. (SEE FLOWCHART.}

INPUT

A)

B}

TABLE -

A 203-LOCATION TABLEt ARRANGED IN THE FOLLOWING

FORMAT -

L(INPUT TABLE)

+I

+2

÷3

+4

+5

+6

+7

+8

+9

÷lO

oem

CONSTANTS -

STATION NUMBER j,,PASS NUMBER

NUMBER OF RADAR MESSAGES IN THIS

BLOCK

NOT USED

TIME TI,FIXED POINT {MIN. t,SEC.)

RANGE rI , FLOATING POINT GEMINI

LENGTH UNITS

AZIMUTH aI , FLOATING POINT RA-

DIANS

ELEVATION eI , FLOATING POINT RA-

DIANS

T2 SECOND RADAR MESSAGE

SECOND RADAR MESSAGE

SECOND RADAR MESSAGE

e8 SECOND RADAR MESSAGE

ETC., UP TO 50 MESSAGES
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KO05.O

5006.0

K]20.O

KMNMKI

FLOATING POINT FIVE

FLOATING POINT SIX

FLOATING POINT ONE HUNDRED AND

TWENTY

OCTAL MASK, -377777777777

C) COMMUNICATION CELL -

MCDCCP CONTAINS L(INPUT TABLE) IN THE

ADDRESS, L(OUTPUT TABLE) IN THE

DECREMENT

D) SUBROUTINES -

SUBROUTINES BULTOI AND BUMAIN ARE USED.

OUTPUT

A) A 146-LOCATION TABLE, ARRANGED IN THE FOLLOWING

FORMAT -

L(OUTPUT TABLE) STATION NUMBER j, FIXED POINT

÷I SLIDE, FLOATING POINT SECONDS

B)

THE REMAINING 144 LOCATIONS CONSTITUTE 6 SUB-

TABLES, EACH 24 LOCATIONS LONG. {REFER TO THE

DOCUMENTATION OF SUBROUTINE BUMAIN FOR A DE-

TAILED DESCRIPTION OF THESE 24-LOCATION OUTPUT

TABLES.)

COMMUNICATION CELL -

MCBUER NONZERO IF AN ERROR RETURN FROM

SUBROUTINE BULTOI OCCURRED,

OTHERWISE ZERO

METHOD

WHEN BUDCCP OBTAINS CONTROL FROM ITS PREFIX, MPBUDC,

THE CONTENTS OF THE INDEX REGISTERS USED ARE SAVED.

NEXT, SUBROUTINE BULTOI CONVERTS THE RADAR MESSAGES
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FROM LOCAL COORDINATES TO INERTIAL COOROINATES.

BUDCCP THEN COMPUTES THE SLIDE, USING

SLIDE =
T N - (T1 + 120)

5

WHERE

T 1 = THE TIME OF THE FIRST RADAR MESSAGE

TN= THE TIME OF THE LAST RADAR MESSAGE

THE SLIDE IS MADE TU BE AT LEAST 6 SECONDS. HAVING OB-

TAINED A SLIDE, THE TOTAL TIME SPAN IS DIVIDED INTO 6

INTERVALS, EACH INTERVAL BEING TW[) MINUTES LONG, USING

THE FOLLOWING FORMULAE -

LET TFi BE THE START OF THE ITH INTERVAL

TLi BE THE END OF THE ITH INTERVAL.

TFI = T I

TLI = TFI + 120

TFi = TF(i_I) + SLIDE

TLi = TL(i_I) + SLIDE

WHEN i= 2, 3, 4, 5, 6

WHEN i=2, 3, 4, 5, 6

IF TFiAND/ORTLi(i = 1, 2, . . . ,6) IS GREATER THAN TN, THEN T N REPLACES THOSE

TFiAND/ORTLi •
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THE LOCATIONS OF TFi AND TLi (i=I,2,...,6) ARE OB-

TAINED, AND A TEST FOR INTERVALS CONTAINING IDENTICAL

MESSAGES IS PERFORMED. IF THERE &RE TWO OR MORE IDEN-

TICAL INTERVALS, ONES ARE PLACED IN EACH BIT OF ALL 24

LOCATIONS OF THE OUTPUT TABLE(S) CORRESPONDING TO THE

SECOND (AND LATER) OF THE IDENTICAL INTERVAL(S).

SUBROUTINE BUMAIN THEN OBTAINS THE POSITIUN AND VE-

LOCITY VECTORS, GEODETIC LATITUDE, LONGITUDE, GEODETIC

HEIGHT, ASSOCIATED STATISTICAL. INFORMATION, AND A FOOT-

PRINT FOR EACH DISTINCT INTERVAL.

THE CONTENTS OF THE INDEX REGISTERS USED ARE RE-

STORED AND CONTROL IS TRANSFERRED TO THE SUFFIX, MFBUDC.

USAGE

A) BUDCCP IS ENTERED FROM ITS PREFIX MPBUDC, IT

TRANSFERS CONTROL TO ITS SUFFIX MFBUDC.

B) STORAGE REQUIRED - 117 LOCATIONS.

C) TIMING (?094} (EXCLUDING SUBROUTINE BUFPPR} -

305.658 MS (BASED UPON 50 RADAR MESSAGES, EACH

ONE 6 SECONDS APART, 6 DIFFERENT INTERVALS CON-

TAINING 21 MESSAGES EACH, NO MESSAGES ELIMINATED

BY BUEDIT).

D) ERROR CONDITIONS - COMMUNICATION CELL MCBUER

WILL BE SET NONZERO IF THERE IS AN ERROR RETURN

FROM SUDROUTINE 8ULTOI. IN THIS EVENT THERE IS

NO VALID OUTPUT FROM THE PROGRAM.
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i eNTEr :
MP_UDC

BUDCCP

SAVE XRS • ................. X_

: ............. : : ..............

He.Hm.,HOH*

• SEe NOTE L

.H••liHliHm_

.*.•*.*°.*•.**.

• OuutOI CONV.."LOCAL• (T H A E) TO ,
|N_R_IAL

(TIXIYIZ)
IIIiiit11111111

NOTE 1

2' s COMPL, L (OUTPUT TABLE) INTO XR2

0 TO 2,2 0TO 26,2 0TO 5O,2

0TO 74,2 0TO 98,2 0TO 122,2

2's COMPL. L(INPUT TABLE) TO XI{I

STATION NUMBER TO 0, 2

0 TO MCBUER

BUOER

• * .Yes _ ............. _ ....

• IS THERE AN " • .............. X _ SET NCHLJE_ _...X D2 e•

• . ERROR NOT-° : _.

_o

6UOSL _.,••...,.•.,;_

• SLIDE

:_n - (T2' 120)[ /5:

•HllIHeHH.,

O

• " * -YES _ .............

• IS SLIDE LT b * • .............. X_ 6 INTO _LIOE[

." : .............

• • _0

:X ................................

X
eeee•eeeeeoeleo

• SLIDE INT0

• IIZ• COMPUTEI

_TFit ! INTO I ••

•H_H.HI•HH

"g8 "
• .NO : T N INTO

TFI LT • • .............. XeJ TF I

• • TN • • _e*O•.eH•H•ll

• _'ES

" ............................... X.

• re••

" TF_+SLIDE _ :..._ DO',
i TF(|+1) : el leBeT•

ooe•e•etee_•oem
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:...." ._o. : ............._ : ....

..... : tt"._.•
o6.

• • eee_tm oteemuam

• _ES

• i INTO _ *

: TFi +120 = TLI

*ND

•"e*_B2:K ". TLi LT T N •.. .............. X_• TNINTO TLi

.. . : ............. :

• ;ES

:x ............................... ;
2
x

_g•••emet*•ll•_

TLi +SLIDE ,

i =TL(I + I)

• N0 ••*

iGT$ • i+IINTOi _..._ _2:
• .............. X*

;Es

8UOLL

: COMP L (TFi),

• 1 INTO i]

I INTO j, X_RI - 3 INTO XRI

•#•**..•o•_ooe

. • •

• B6*X TFi GT

ee • T.

_o

•YES

• * .............. X:J+IlNTOj. :..._ B6:

* CIXRL) INTO •
• NTERNAL TABL•

_*•••••eeeEe•e•

BUONN

• • oND •••

• iGT6 • •_ BO:

• • "_E$

** COMP L(TLi **... 1 ,cJ*.

_ 2's COMPL L . 1188*

• (INPUT TABLE) • co**
INTO XRI

XRI - 3 INTO XRI

I INTO i_ I INTO ]
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.... • *YES o• • XR2-2_R_ • • •NO ** _ DOWNRANG_ • •

:Ro• " TLj _T • " " : : n,rro3_.2 :• - ....... %0"..R" mTo " "'" "
o ........... •COe_ IS O,Z = 0 • ....... eO0•..geCROSSP.ANGE •• • • • IlNTOI • • • •

• • • Tj *• H •
oe • •

• ES

i BUONN ,•,•,,,,x•,••,o•

. ............. • • ............. . .,.
• (.(XRLI INTO • • J+IH_DDJ _o.._( A0_ ee OURAIN [0NP° t
• INTERNAL TAEL• • • AND STORE 2k

° _ + I INTO J • e • °• OUTPU]' •
QUANTITIES

• • ••°°••••*• • •••l

• * *No *** _****** ..... "_
° • ° • •PTS. AVAIL INTO

I GT 6 °X A0o
• 0,2, I_SUSED _

• •••°° .* INTO 1,2 •

• • ••Ho• • ••••••••

. .. :..n_o.33, 2....:

" .............. x:

• °

•YLS

° ILTE • ........

• • ° •

OH•••H•I•a•°°

:-% *
°DE °,X_ RESTORE XRS •

° ° • 1t2.)04

.. : ............. :

8UOCH

: ............. : : NO, OF C_RVE:
• TEST IDENT. •

• INTERVALS XR2• • FITS I_TTO2,2. ,

° - Z6 INTO • _P#D/_/NO"-' _- OF a

• XR2_ 2 INT0 I • "P'PR "-USED INT_
••H•••t°•t•t••

: _,2 :
:

° _ °•**•••!•°io°•

• A*-X * (TF(f__. L ....................... •USED INTO4,3

• * (L-Ill (T_ . : _[Dlz)2/NOOF P'PS.

Y°ES USED INTO 5,2

_°*°••••*°*•*•_

* XR2-24 INTO

XR2

*'*°°••••*,•,°_ _••*•°°°,••°••_ ••,
"4*4 _ i + 1 INTOi • PUT l'S INT0• •

•*A6e'°Xe° ° : • 0_2. XR2-2_THRU23t•°o.X, * A6:°

*" :............. : :..._I?._L.: "'"

•••*•°••°**°•*

_STAND ERROR R X INTO 6, 2

.roSTAND ERROR 6y INTO 7, 2

: .s}'.A._.L._o_.._z INTO3

TsINTO 9.2 .

: XS INTO 10,2 :

• Ys INTO 11,2 •
••°H•••OI*°°H

•••••••*•*••••°

i E*,T !
NFBUOC

........ ° ........ °

• ARE -2_ NTO_ °,e
• RR_.*.I ]_TO.... ; c0:

:...... _...... ! ..•

° *

• °N0 .*•

• * i GT 6 • °.X AN* _

BUO_M

ETUP r_ll.

i IEQ. FOR BUMAIN

:_:;_;':Z;"':
_;s|NTO 13,2 :

: _S inTO 14,3 :

z_INT(_.i_,_

•°eo•°•••°_•oo

LAT. zLINTO 16,2

LONGzL /NTO i?,3

• LATML INTO 18,2

LONG_LINTOIg, 2

• 3)s COMPL L *•*

:(OUTPUT TABLE).. 1 SO:
• INTO XP,2

•oeeee•eeleee•

LATs::I]_÷_';0"r"*i ...
Lo_0omTo31 3 :...! 0_:

•••e_eeee••ee•

1180



VCL III REAL TIME PROCESSORS PART IT - ORBIT/REENTRY

71. BUCBCP - ORBIT PHASE BACK UP TO DIFFERENTIAL

CCRRECTION PRCGRAM

BUCBCP CONVERTS UP TO FIFTY RADAR MESSAGES FROM

LCCAL (_ r, a, e) TO INERTIAL (T, X, Y, Z), DETERMINES THE

INTERVAL CONSISTING OF THE LAST TWO MINUTES OF DATA OR

LESS, GENERATES A POSITION AND VELOCITY VECTOR, GEODETIC

LATITUDE, LCNGITUDE, AND GEODETIC HEIGHT, ASSOCIATED

STATISTICAL INFORMATION, AND SIX CLASSICAL ELEMENTS FOR

THE SOLUTION TIME OF THIS INTERVAL. {SEE FLOWCHART)

INPUT

A) TABLE -

A 203-LGCATION TABLE, ARRANGED IN THE FOLLOWING

FORMAT -

LIINPUT TABLE)

+I

+2

+3

+4

÷5

+6

+7

+8

+g

÷].0

STATION NUMBER j,, PASS NUMBER

NUMBER OF RADAR MESSAGES IN THIS

BLOCK

NOT USED

TIME tI FIXED POINT (MIN. ttSEC)

RANGE rI FLOATING POINT GEMINI

LENGTH UNIIS

AZIMUTH aI FLOATING POINT

RADIANS

ELEVATIONe I FLOATING POINT

RADIANS

t2 SECOND RADAR MESSAGE

r2 SECOND RADAR MESSAGE

a8 SECOND RADAR MESSAGE

e2 SECOND RADAR MESSAGE

ETC., UP TO 50 MESSAGES
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B}

C}

0)

CONSTANIS -

KOCO04

KI2O.O

FIXED POINT FOUR

FLOATING POINT ONE HUNDRED AND

TWENTY

KCGUNM K 1 CONVERTS GEMINI LENGTH UNITS
4

INTO NAUTICAL MILES, .34439336XI0

K.ERGU R RADIUS OF THE SPHERICAL EARTH IN
S

GEMINI LENGTH UNITS, .q9924461

COMMUNICATION CELLS -

MCDCCP CONTAINS L(INPUT TABLE) IN THE

ADDRESS, L(OUTPUT TABLE) IN THE

DECREMENT

SUBROUTINES-BULTOI, BUMAIN AND BUKEPE ARE USED.

CUTPUT

A) TABLE -

A 27-LCCATION TABLE, ARRANGED IN THE FOLLOWING

FORMAT -

L(CUTPUT

TABLE)

+1

+2

"-3

+4

+5

+6

j STATION NUMBER, FIXED POINT

T F TIME OF FIRST RADAR MESSAGE IN

INTERVAL USED FLOATING POINT

SECONDS

T N TIME OF LAST RADAR MESSAGE IN

INTERVAL USED, FLOATING POINT

SECONDS

P RADAR MESSAGES AVAILABLE, FIXED

POINT

M RADAR MESSAGES USED, FIXED POINT

N NO. OF CURVE FITS, FIXED POINT

X-STANDARD ERROR, FLnATING POINT
X

YARDS
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+7 o
Y

.8 %

+9 _s

+I0
s

+II H
s

+12 T
s

+13 X
s

+14 Y
s

+15 Z
s

+z6
s

+17 Y
s

+I8 Z
s

+Ig a

Y-STANDARD ERROR, FLOATING POINT

YARDS

Z-STANDARD ERROR, FLOATING POINT

YARDS

GEODETIC LATITUDE AT SOLUTION

TIME, FLOATING POINT RADIANS

LONGITUDE AT SOLUTION TIME,

FLOATING POINT RADIANS

GEODETIC HEIGHT AT SOLUTION

TIME, FLOATING POINT FEET

SOLUTION TIME, FLOATING POINT

SECONDS

X-COORDINATE AT SOLUTION TIME,

FLOATING POINT GEMINI LENGTH

UNITS

Y-COORDINATE AT SOLUTION TIME,

FLOATING POINT GEMINI LENGTH

UNITS

Z-COORDINATE AT SOLUTION TIME,

FLOATING POINT GEMINI LENGTH

UNITS

X-COORDINATE AT SOLUTION TIME,

FLOATING POINT GEMINI VELOCITY

UNITS

Y-COORDINATE AT SOLUTION TIME,

FLOATING POINT GEMINI VELOCITY

UNITS

Z-COORDINATE AT SOLCTION TIME,

FLOATING POINT GEMINI VELOCITY

UNITS

SEMI-MAJOR AXIS, FLOATING POINT

NAUTICAL MILES
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B)

+20 e

+21 u

+22 i

+23

÷24 o;

÷25 H
ap

+26 H
per

ECCENTRICITY, DIMENSIONLESS

TRUE ANOMALY, FLOATING POINT

RADIANS

INCLINATION ANGLE, FLOATING

POINT RADIANS

LONGITUDE OF THE ASCENDING NODE,

FLOATING POINT RADIANS

ARGUMENT OF PERIGEE_ FLOATING

POINT RADIANS

HEIGHT AT APOGEE, FLOATING POINT

NAUTICAL MILES

HEIGHT AI PERIGEE_ FLOATING

POINT NAUTICAL MILES

COMMUNICATION CELL -

MCBUER NON-ZERO IS AN ERROR RETURN FROM

SUBROUTINE BULTOI OCCURRED, OTHER-

WISE ZERO

METHCD

WHEN BUOBCP OBTAINS CONTROL FROM ITS PREFIX, MPBUDC,

THE CORTENTS OF THE INDEX REGISTERS USED ARE SAVED.

NEXT, SUBROUTINE BULTOI CONVERIS THE RADAR MESSAGES

FROM LCCAL CCORCINATES TO INERTIAL COORDINATES.

BUCBCP THEN DETERMINES THE INTERVAL CONSISTING OF

THE LAST TWO WINUTES OF DATA OR LESS, AND OBTAINS THE

LCCATICNS OF THE TIME TAGS OF THE FIRST(TF) AND LAST (TN)

RACAR MESSAGES IN THIS INTERVAL, USING

L (TN) = L (InputTable) + 4n - 1

T F = TN - 120

T I < T F < T.
-- -- 1
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WHERE

n = NUMBER OF RADAR MESSAGES IN THE INPUT TABLE

i = 1,2t...,50

SUBROUTINE BUMAIN THEN OBTAINS THE POSITION AND

VELOCITY VECTORS, GEODETIC LATITUDE, LONGITUDE, GEODETIC

HEIGHT, AND ASSOCIATED STATISTICAL INFORMATION FOR THIS

INTERVAL.

NEXT, SUBROUTINE BUKEPE OBTAINS SIX CLASSICAL ELE-

MENTS FCR THIS INTERVAL.

IF AND EAVE NOT BEEN COMPUTED SUCCESSFULLY

CONTROL PASSES TC THE NEXT PARAGRAPH. IF AND HAVE

BEEN OBTAINED, BUOBCP COMPUTES THE HEIGHTS AT APOGEE AND

PERIGEE, USING

Hap.= a(1 + e)- KIR s

Her.= a(1-e)- K1R s

FINALLY, THE CONTENTS OF THE INDEX REGISTERS USED

ARE RESTORED AND CCNTROL IS TRANSFERRED TO THE SUFFIX,

MFBUDC.

USAGE

A)

B}

STORAGE REGUIRED - 67 LOCATIONS.

TIMING (7094) (INCLUDING ALL SUBROUTINES} -

140.325 (BASED UPON 50 RADAR MESSAGES IN THE

INPUT TABLE, AND NO MESSAGES ELIMINATED BY THE

EDIT ROUTINE BUEDIT}
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C) ERROR CCNCITIONS - COMMUNICATION CELL MCBUER

WILL BE SET NONZERO IF THERE IS AN ERROR RETURN

FROM SUBROUTINE BULTOI. IN THIS EVENT THERE IS

NO VALIC CUTPUT FROM THE PROGRAM.
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o. ENTER *
• MPBUOC **

BUOeCE

: SAVExrs "
: z,a,,,, **

• •'• * T l INTO T F * NOTE 1 -

- --_B0_..X_ TFINTOI, 2 .e 2's CO_L. L(INPUT TABLE_-- XR1
go

;"_e_e;% _',_.**"*le,_ 2's COMPL. L(OUTPUT TABLE) _ XIL2

STATION NUMBER_ 0, 2

0 _ MCBUER

BUOA2

• BUNAIN CONE •
• AND STORE 16 •

• OUTPUT •
• QUANTITIES *

eQeellte•uet*ee

SEE NOTE I * * SEE NOTE 2

NOTE 2 -

POINTS AVAILABLE_ 0, 2 T s _ 9.2

POINTS USED _1, 2 X s _ 10, 2

NO. OF CURVE FITS_2,2 ys_ll,2

Z(DLx)2/NO. OF PTS. USED--3,2 Zs--12,2

Z(DI_2/NO. OF PT8. USED_4,2 Xs_13,2

Z(DIz)2/NO. OF PTS. USED_5.2 .Ys_14,2

STANDARD ERROR _x _ 6, 2 Z s _ 15, 2

STANDARD ERROR (ry _ 7, 2

STANDARD ERROR _r z _ 8, 2

NOTE 3-

a _ 16,2 e _ 17,2

v _ 18,2 i _ 19,2

-- 20,2 _ 21,2

BUOAI

.• BULTOI CONV

• LOCAL (TI, Hi, Ai, El)

• TO INERTIAL (Tp X i, Yi' Zi)
H*iOamHHO

NOTE 4 -

Hap•gee = (& - K I R_ + a e INTO 22, 2

HperJgee = (& - K I Rs) - a e ]_TTO 23, 2

BUOER BUOA3

• • ,•o•=•e•t*•••••iQ • YES it•

:BONEOE O.,:• AN0 STORE 6 •
ERROR • * • OUTPUT

• --, * QUANTITIES *
• •HHIHI**•.*I

_o

•*L (TN) = | -C(XRI) + 4 N-ll •:"*•*'•'•'•*'*:.
Q

• SEE NOTE 3 • ............... x

i TN INTO 2.2 : :

* • * •YES -**** .......... **

IS 22,2 = O * .............. X_ O INTO 23,2 "*

• * ;•,,,,,,,,..,.*

• _o

BUOER BUOXR
*°••,,,•°,,.•°,

°T F = T N -120 • -, :'''''*'•''''•: ,•*

: IINTOi : :87:..X: SET RCBUER 1...i 081
• • • NOI " 0 • ° *

• *•*•°moo*o,,°_ •• •I•H,H°°,*O•_ **o

_*'••''°••*°•°:

: SEE NOTE 4 :........................X.

• • **..•,•,•.,°•..

"° * •YES • i+l INTO• • °°°

:a8lX • TF GT Ti ............... X• XRI-4 INTO -_...i A8:
• XR1

• * ° * * ,,,°HH°O•°•," o °°*

" * _C .gl°•

.......... Xt BO*

BUOXR

*08*..X: RESTORE XRS

*" .°OH*,.,,°H,:

•****•****,°°•°

EXIT "

* MFSUOC *
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72. BULTOI - LCCAL TO INERTIAL CONVERSION PROGRAM

BULTCI CONVERTS ONE OR MORE SETS OF LOCAL COOR-

DINATES EF POSITIEN, ri, ai, ei AT TIMES Tit TO INERTIAL

CCCRCINATES OF POSITION, Xi, Yi' Zi AT TIMEST i. THIS PROGRAM

IS A SUBROUTINE CF THE ORBIT PHASE AND REENTRY PHASE BACK

UP TO CIFFERENTIAL CORRECTION PROGRAMS BUDCCP AND

BUCBCP. (SEE FLCWC_ART)

INPUT

A) TABLES -

A 203-LCCATION TABLE (THE SIZE OF THE INPUT

TABLE NEED NOT BE RESTRICTED TO 203 LOCATIONS.)

ARRANGEC IN THE FOLLOWING FORMAT -

LIINPUT TABLE)

+I

+2

+3

+4

+5

+6

+7

+8

+9

+10

• ° °

STATION NUMBER j ,,PASS NUMBER

NUMBER OF RADAR MESSAGES IN

THIS BLOCK

NOT USED

TIMET 1' FIXED POINT |MIN.,,SEC.)

RANGEr 1, FLOATING POINT GEMINI

LENGTH UNITS

AZIMUTH aI t FLOATING POINT

RADIANS

ELEVATIONe I , FLOATING POINT

RADIANS

T 2 SECOND RADAR MESSAGE

r2 SECONO RACAR MESSAGE

a2 SECOND RADAR MESSAGE

e2 SECOND RADAR MESSAGE

ETC., UP TO 50 MESSAGES
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B)

STATION CHARACTERISTICS TABLE - A COMPLETE DE-

SCRIPTICN OF THE STATION CHARACTERISTICS TABLE

IS NOT GIVEN HERE, BUT MAY BE FOUND IN OTHER

DOCUMNETATION. ONLY THE LOCATIONS USED BY BULTOI

ARE DESCRIBED BELOW -

L(STATICN CHARACTERISTICS TABLE)

+5

+8

+9

o

+2"/

_STA GEODETIC LONGITUDE,

FLOATING POINT RADIANS

SIN @, FLOATING POINT RADIANS

COS @, FLOATING POINT RADIANS

R'SIN (@-@'), FLOATING POINT

GEMINI LENGTH UNITS

+28 R'COS (@-@'), FLOATING POINT

GEMINI LENGTH UNITS

WHERE @ IS THE GEODETIC LATITUDE OF THE RADAR,@'

IS THE GECCENTRIC LATITUDE OF THE PROJECTION OF

T_E RACAR ONTO THE EARTH, AND R' IS THE RADIUS

CF THE EARTH MEASURED FROM THE CENTER OF THE

EARTH TG THE PROJECTION OF THE RADAR.

TMSTCH - THE ADCRESS FIELD OF TMSTCH +j CONTAINS

THE (FIRST LOCATION OF THE STATION CHARACTER-

ISTICS BLCCK OF THE JTH STATION) MINUS I.

SUBROUTINES -

LIBRARY SUBROUTINE UISICO IS USED
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C} CCNSTANTS -

KOOCO0

KOCCOI

KOOC60

KCF233

KLAMDO

K.OMES

ZERO

FIXED POINT ONE

FIXED POINT SIXTY

OCTAL MASK FOR FLOATING POINT

CHARACTERISTIC, 233000000000

INERTIAL LCNGITUDE OF GREENWICH

AT MIDNIGHT PRECEDING LAUNCH

ROTATIONAL VELOCITY OF THE EARTH

IN FLOATING POINT RADIANS PER

SECOND, .72921151X I0

CUTPUT

A 203-LOCATION TABLE (THE SIZE OF THE OUTPUT TABLE

NEED NCT BE RESTRICTED TO 203 LOCATIONS.} ARRANGED

IN THE FDLLCWING FORMAT -

LICbTPUT TABLE} STATION NUMBER j ,, PASS NUMBER

÷I NUMBER OF RADAR MESSAGES IN THIS

+2

+3

+4

+5

÷6

÷7

+8

+9

÷lO

BLOCK

NOT USED

TIME T I , FLOATING POINT SECONDS

X 1 FLOATING POINT GEMINI LENGTH

UNITS

Y1 FLOATING POINT GEMINI LENGTH

UNITS

Z 1 FLOATING PEINI GEMINI LENGTH

UNITS

T 2 SECOND RADAR MESSAGE

X 2 SECOND RADAR MESSAGE

Y2 SECOND RADAR MESSAGE

Z2 SECOND RADAR MESSAGE

ETC., UP TO 50 MESSAGES
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THE INPUT TABLE MAY BE USED AS OUTPUT TABLE, AND

BUCCCP USES THIS OPTION.

METHOD

WHEN CONTROL IS TRANSFERRED TO BULTOI, THE CONTENTS

CF THE INDEX REGISTERS USED ARE SAVED. IF. THERE ARE ZERO

MESSAGES IN THE INPUT TABLE, THE CONTENTS OF THE INDEX

REGISTERS USED ARE RESTORED AND AN ERROR RETURN IS MADE

FRO_ THE PROGRAM. OTHERWISE THE PROGRAM CONTINUES BY

MOVING TEE FIRST THREE WORDS OF THE INPUT TABLE TO THE

FIRST THREE LOCATIONS OF THE OUTPUT TABLE.

ThE POINTS IN THE INPUT TABLE ARE CONVERTED ONE AT A

TIME UNTIL THE LAST POINT SPECIFIED HAS BEEN CONVERTED.

THE FOLLOWING EQUATIONS ARE USED -

X=-X' sinX+cos _ (-Y'sin@ + Z' cos@)

Y= X' cosX+sin X (-Y' sin @ + Z' cos@}

Z = Y' cos@ + Z' sin @

Q

FOR THE DERIVATION OF THESE EQUATIONS AND THE SYMBOLS

USED REFER TO GRTS PROGRAMMER WORKBOOK_ VOLUME III, BOOK

A, PROGRAM CLSTCI.

FINALLY, THE CONTENTS OF THE INDEX REGISTERS USED

ARE RESTORED ANC CONTROL IS TRANSFERRED BACK TO BUDCCP.

USAGE

A)

B)

CALLING SEQUENCE -

TSX BULTOI,4

PZE L(INPUT TASLE),tL(OtTPUT TABLE)

ERRCR RETURN

NORMAL RETURN

STCRAGE REQUIRED - 116 LOCATIONS (EXCLUDING SUB-
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ROUTINE UISICO)

C) TIMING (7C94) - .059 + 2.0664P NS (INCLUDING

TIME REQUIRED BY SUBROUTINE UISICO), WHERE P =

THE NUMBER OF POINTS TO BE CONVERTED PER ENTRY.

MAXIMUM TIMING - I03.379 (INCLUDING TIME

REQUIREC BY SUBROUTINE UISICO, AND BASED UPON

50 POINTS PER ENTRY)

D) ERROR CCNDITIONS - AN ERROR RETURN IS THE RESULT

OF

I)

2)

0 RADAR MESSAGES IN THE INPUT TABLE, OR

AN ERROR RETURN FROM LIBRARY SUBROUTINE

ULSICE.
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73,, BUMAIN - COMPUTATION OF POSITION AND VELOCITY

VECTORS AND ASSOCIATED INFORMAlION

BUMAIN GENERATES AND EDITS CURVE FITS FOR X-, Y-,

AND Z-COORDINATES, COMPUTES _t, r, _, GEODETIC LATITUDE,

LONGITUDE, AND GEODETIC HEIGHT AT SOLUTION TIME, AND

SUPPLIES SUPPLEMENTARY STATISTICAL INFORMATION. THIS

PROGRAM IS A SUBROUTINE OF THE ORBIT PHASE AND REENTRY

PHASE BACK UP TO,DIFFERENTIAL CORRECTION PROGRAMS BUDCCP

AND BUOBCP. (SEE FLOWCHART.)

INPUT

A) TABLE -

AN 84-LOCATION TABLE, (THE SIZE OF THE INPUT

TABLE NEED NOT BE RESTRICTED TO 84 LOCATIONS.)

ARRANGED IN THE FOLLOWING FORMAT -

L(T F) TIME T 1' FLOATING POINT SECONDS

+I X1, FLOATING POINT GEMINI LENGTH UNITS

+2 Y1, FLOATING POINT GEMINI LENGTH UNITS

+3 Z1, FLOATING POINT GEMINI LENGTH UNITS

+4 T2, SECOND RADAR MESSAGE

+5 X 2 SECOND RADAR MESSAGE

+6 Y2'SECOND RADAR MESSAGE

+7 Z2, SECOND RADAR MESSAGE

... ETC., UP TO 2I MESSAGES

LIT L) IS THE LOCATION OF THE TIME OF THE LAST

RADAR MESSAGE TO BE USED.

B) SUBRnUTINES -

SUBROUTINES BUCFITt BUEDIT, BUGSCPt AND BUFPPR

ARE USED.
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C) CONSTANTS -

KO0000

KO0001

KO0004

KO02.O

K060.O

KI20. O

KCH233

KOO.UT

KGUYDS

ZERO

FIXED POINT ONE

FIXED POINT FOUR

FLOATING POINT TWO

FLOATING POINT SIXTY

FLOATING POINT ONE HUNDRED TWENTY

OCTAL MASK FOR FLOATING POINT

CHARACTERISTIC, 233000000000

CONVERSION FROM SECONDS TO GEMINI

TIME UNITS, *.80681364E3

CONVERSION FROM GEMINI LENGTH UNITS

TO YARDSt +.6975246E7

OUTPUT

A 24-LOCATION TABLE, {THE OUTPUT TABLE WILL CONSIST

OF THE FIRST 16 LOCATIONS ONLY IF SUBROUTINE BUFPPR

IS NOT USED) ARRANGED IN THE FOLLOWING FORMAT -

L(OUTPUT TABLE) P

+I M

*2 N

X

44
Y

+5
Z

+6 Cs

+7
S

POINTS AVAILABLE, FIXED POINT

POINTS USED, FIXED POINT

NO. OF CURVE FITS, FIXED POINT

X-STANDARD ERROR, FLOATING POINT

YARDS

Y-STANDARD ERROR, FLOATING POINT

YARDS

Z-STANDARD ERROR, FLOATING POINT

YARDS

GEODETIC LAIITUDE AT SOLUTION

TIME, FLOATING POINT RADIANS

LONGITUDE AT SOLUTION TIME,

FLOATING POINT RADIANS
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+8

+9

+I0

+II

+12

+13

+14

+15

+16

+17

+18

+19

+20

H GEODETIC HEIGHT AT SOLUTION TIME,
S

FLOATING POINT FEET

T SOLUTION TIME, FLOATING POINT
S

SECONDS

X X-COORDINATE AT SOLUTION TIME,
S

FLOATING POINT GEMINI LENGTH

UNITS

y Y-COORDINATE AT SOLUTION TIME,
S

FLOATING POINT GEMINI LENGTH

UNITS

Z Z-COORDINATE AT SOLUTION TIME,
S

FLOATING POINT GEMINI LENGTH

UNITS

Xs -COORDINATE AT SOLUTION TIME,

FLOATING POINT GEMINI VELOCITY

UNITS

-COORDINATE AT SOLUTION TIME,
S

FLOATING POINT GEMINI VELOCITY

UNITS

-COORDINATE AT SOLUTION TIME,
S

FLOATING POINT GEMINI VELOCITY

UNITS

_LLATITUDE OF MINIMUM LIFT IMPACT

POINT, FLOATING POINT RADIANS

_LLONGITUDE OF MINIMUM LIFT IMPACT

POINT, FLOATING POINT RADIANS

...¢_TLLATITUDE OF MAXIMUM LIFT IMPACT

POINT, FLOATING POINT RADIANS

_MTLONGITUDE_ OF MAXIMUM LIFT IMPACT

POINT, FLOATING POINT RADIANO

@60oLATITUDE OF 60 BANK ANGLE IMPACT

POINT, FLOATING POINT RADIANS
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METHOD

A)

B)

C}

D}

E}

F}

+21

+22

+23

X6oOLONGITUDE OF 60 BANK ANGLE

IMPACT POINT, FLOATING POINT

RADIANS

DDRDOWN RANGE FOOTPRINT DIMENSION,

FLOATING POINT NAUTICAL MILES

DcRCROSS RANGE FOOTPRINT DIMENSION,

FLOATING POINT NAUTICAL MILES

THE CONTENTS OF THE INDEX REGISTERS USED BY

BUMAIN ARE SAVED.

P, THE NUMBER OF INPUT MESSAGES AVAILABLE FOR

USE, IS COMPUTED USING

P = L(TL) - L(TF)
+I

4

P IS STORED IN THE OUTPUT TABLE.

THE TIME OF EACH RADAR MESSAGE IS ADDITIVELY

REDUCED MODULOT F IN ORDER TO OBTAIN MAXIMUM

EFFICIENCY IN THE CURVE FITTING ROUTINE, BUCFII.

IF P IS LESS THAN II THE PROGRAM TRANSFERS

CONTROL TO THE LOGIC OF PARAGRAPH 0 BELOW.

BUCFIT IS USED TO OBTAIN THE CURVE FIT COEF-

FICIENTS FOR THE X-COORDINATES. THE DATA USED BY

BUCFIT IS THEN EDITED BY USE OF THE EDIT PROGRAM

BUEDIT. IN THE EVENT DF AN ERROR RETURN FROM

BUEDIT CONTROL PASSES TO PARAGRAPH l]. IF BUEDIT

REJECTS ANY RADAR MESSAGE THE FIT-EDIT CYCLE IS

REPEATED ON THE REMAINING X-COORDINATES BY

TRANSFERRING CONTROL BACK TO THE BEGINNING OF

PARAGRAPH E.

BUCFIT IS USED TO OBTAIN THE CURVE FIT

COEFFICIENTS FOR THE Y-COORDINATES. BUEDIT

1205



VOL III REAL TIME PROCESSORSPART II - ORBIT/REENTRY

G)

H}

I)

J)

EDITS THE DATA USED. IN THE EVENT OF A BUEDIT

ERROR RETURN CONTROL PASSES TO PARAGRAPH O. IF

BUEDIT REJECTS ONE OR MORE RADAR MESSAGES, A

RESTART INDICATOR IS SET, AND THE FIT-EDIT CYCLE

FOR THE Y-COORDINATES IS REPEATED ON THE RE-

MAINING Y-COORDINATES BY TRANSFERRING CONTROL

BACK TO THE BEGINNING OF PARAGRAPH F. IF BUEDIT

DOES NOT REJECT ANY MESSAGE ON A GIVEN PASS THE

RESTART INDICATOR IS CHECKED. IF IT HAS BEEN SET

TO THE NULL SETTING AND CONTROL PASSES BACK TO

PARAGRAPH E TO RESTART THE PROCESS ON THE

REMAINING VALID MESSAGES.

THE PROCESS OUTLINED IN PARAGRAPH F FOR THE

Y-COORDINATES IS THEN CARRIED OUT ON THE Z-

COORDINATES. THUS, ANY FIT FINALLY USED AT THE

CONCLUSION OF THE PROCESS HAS BEEN MADE FROM

MESSAGES ALL OF WHOSE COORDINATES HAVE PASSED

THE EDITING TESTS.

Mt THE NUMBER OF MESSAGES USED IN THE FINAL FIT,

AND Nt THE TOTAL NUMBER OF CURVE FITS MADE, ARE

STORED IN THE OUTPUT TABLE. N WOULD THUS BE

THREE IF NO MESSAGES WERE REJECTED BY BUEDIT.

THE STANDARD ERRORS OF THE FINAL X, Y, AND Z

FITS ARE STORED IN THE OUTPUT TABLE.

IF THE PROGRAM IS IN THE ORBIT PHASE, THE

SOLUTION TIME T IS COMPUTED USING
S

ntegral 2 X 60 - T F
Tss =_art of 60

= + T FT s Tss
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WHERE

TF=THE (UNMODULIZED) TIME OF THE FIRST

RADAR MESSAGE IN THE INPUT TABLE

TL:THE (UNMODULIZED) TIME OF THE LAST RADAR

MESSAGE IN THE INPUT TABLE

T THE SOLUTION TIME MODULO
SS

THE SOLUTION TIME T WILL BE THE INTEGRAL
S

MINUTE NEAREST THE MIDPOINT OF THE INTERVAL.

IF THE PROGRAM IS IN THE REENTRY PHASE, THE

SOLUTION TIME Ts IS COMPUTED USING

Tss = T+F + K 3 (T+L - T+F )

T s = Tss + T F

K)

L)

WHERE

T+L= THE TIME OF THE LAST RADAR MESSAGE USED

IN THE FINAL FIT (MODULOT F )

T+F_ THE TIME OF THE FIRST RADAR MESSAGE USED

IN THE FINAL FIT (MODULO T F}

K 3 = THE SOLUTION TIME FACTOR, CURRENTLY +.5

THE POSITION AND VELOCITY VECTORS AT SOLUTION

TIME T B ARE COMPUTED USING

C s = A0C + AICTss + A2cT:s

(_s = (AIc + 2A2CTss)K 2

WHERE

C = X,Y, OR Z

K 2= THE NUMBER OF SECONDS IN A GEMINI TIME

UNIT

BUGSCP IS USED TO OBTAIN THE GEODETIC LATITUDE,

LONGITUDE, AND GEODETIC HEIGHT AT SOLUTION TIME

T . IN THE EVENT OF AN ERROR RETURN FROM BUGSCP
S
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CONTROL PASSES TO PARAGRAPH O.

M) IF A FOOTPRINT IS REQUIRED, SUBROUTINE BUFPPR

IS USED TO COMPUTE THE DATA FOR THE LAST EIGHT

LOCATIONS OF THE 24-LOCATION OUTPUT TABLE. AN

ERROR RETURN FROM BUFPPR CAUSES A TRANSFER TO

PARAGRAPH P.

N) FINALLY, THE CONTENTS OF THE INPUT TABLE ARE

RESTORED BY ADDITIVELY INCREASING THE MAGNITUDE

OF THE TIME OF EACH RADAR MESSAGE MODULO TFAND

SETTING THE SIGNS OF THE TIME TAGS POSITIVE. THE

CONTENTS OF THE INDEX REGISTERS USED ARE RE-

STORED AND BUMAIN EXITS VIA ITS NORMAL RETURN.

O) ZEROS ARE STORED IN THE 2ND THROUGH THE 16TH

LOCATION OF THE OUTPUT TABLE. IF A FOOTPRINT HAS

NOT BEEN REQUESTED CONTROL PASSES TO PARAGRAPH

N.

P) ZEROS ARE PLACED IN THE I/TH THROUGH THE 24TH

LOCATION OF THE OUTPUT TABLE AND CONTROL PASSES

TO PARAGRAPH N.

Q) ZEROS ARE PLACED IN THE (TH THROUGH 9TH LDCATIO_

OF THE OUTPUT TABLE AND CONTROL PASSES TO PARA-

GRAPH M.

USAGE

A) CALLING SEQUENCE -

TSX

G

PZE

NORMAL

BUMAIN,4

L(TF) ,, L(TL)

*t,,L{OUTPUT TABLE)

RETURN
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WHERE

G = PZE IF A FOOTPRINT IS REQUIRED (26-

LOCATION OUTPUT IABLE),

G = MZE IF NO FOOTPRINT IS REQUIRED (16-

LOCATION OUTPUT TABLE).

B) STORAGE REQUIRED - 229 LOCATION

C) TIMING (?094) (EXCLUDING SUBROUTINE BUFPPR) -

MINIMUM (BASED UPON 2I MESSAGES_ NO MESSAGE

ELIMINATED BY THE EDIT ROUTINE) -

ORBIT PHASE - 33.583 MS

REENTRY PHASE - 33.522 MS

MAXIMUM (BASED UPON 21 MESSAGESt ONE MESSAGE

ELIMINATED ON EACH EDIT PASS THROUGH THE

Z-COMPONENTS_ RESULTING IN A TOTAL OF 65

CURVE FITS AND 59 EDIT PASSES) -

ORBIT PHASE - 524.283 MS

REENTRY PHASE - 524.222 MS

D) ERROR CONDITIONS - THERE IS NO ERROR RETURN FROM

THE PROGRAM. INTERNAL ERROR CONDITIONS ARE

HANDLED AS STATED UNDER METHOD.
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• **...*t.w,.*t* *** i "*'''°''**''':

: ENTER : *CO*o.X* N+L INTO N :

• 0,_ • • • •

et.toomotlltiiI "" :HO4OIHJ*II**
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: ............. :
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: 1,213,_,5,6 •

oetHieiemH..•
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i
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• • " "YES ....... : ............. :
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• _o
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BUMXI
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• BUMRR
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.......... X• B2 •
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2' s COMPL, L (OUTPUT TABLE) _ XR2

2's COMPL. L(TF) _XRI

p [L(TL)-L(TF) j /4+1--0,2

T F _H

TI-H _ T i WHERE T F < T I < T L

O_F O_N

• N*L INTO N :

• BUEDIT EDIT •

• X i FOR ALL T i SUCH "•
• • THAT

_I" F _ Ti <_T L

• BUNRR
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• • BUMXI

• " " .NO ...... :.............:
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• BUCFIT COMP. • .-•

• A0y, Aly, A2y "•_ CO:
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NOTE 2

M TO 1,2

N TO2,2

K1 Gx TO3, Z

K 1 _ y TO 4,2

KI a
z TO5,2

:••... %0 :•.•
• 82 • 15 E = 0 •X C8 •

• • * • 1210•
• •* • • ••••

;es

• •NO _••••

• 15 F = 0 •X C3 •
• 1210•

_es

BUMZI

• •*• •• BUCFIT COMP **

*B4*X A0Z AIzA2z

• • ••.•.•e••••••••• •

... : ............. :
*CO•..X_ SEE NOTE 2

• • • • • -YES

• • ORBIT PHASE • * ........

BUMRE

_•*•••••****•*_ .••. NOTE 3

: SEE NOTE 3 :o.._ A0 •* " Tss=T+F+K3(T+L-T+F )

• * 1210•
• **.• (T+F - TIME OF FIRST MESSAGE

USED IN HNAL FIT; T+L-

TIME OF LAST MESSAGE USED IN

FINAL FIT)

•,••••••*,°•o••

• SEE NOTE 4 _..._ A(J**

TNsOsT_N_ETG OI_F L _x6_-H
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.._-_;_._;_ .....
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T E _< Ti_< T L

BUMRR
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• " ,s ,.E. AN " •........ :CT'..x: SEE_OTE_ :..J C_'-
E.o_ :... : : _.
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• • • •NO : ............. : °••
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... : .............:
:Ao'..x: SEE_OT_ _ :
:*** :

HUMLL
°°°°°°°o.*_°**°

*BUGSCP COMP _.

• _s,_s , H s *

NOTE 6
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YS- Aoy + Aly Tss + A2y T2ss + ll,2

Zs+ Aoz + Alz Ts s + A2z T2ss _ 12,2

Xs (Alx + 2 A2x Tss) K 2 _ 13, 2

yb_Aly+ 2A2yTss) K2 _ 14,2

Zs (Atz+2AzzTss)K2 -- 15,2

Tss +H Ts_ 9,2

b BUMNL KUMNE
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:..._ .......... :
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**° :.............:
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... ..............•

NOTE 8
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BUMFP

• BUFPPR COMP °

e ° FOOT PRINT QUANT.+.
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• RUMNF

• •YES me°

• IS G LT 0 •X COl
• ° •

Ha

x
+•.H•o•....,a,

• * ,YES

IS THERE AN • .............. X: SEE NOTE ? *•

ERROR •
Iiiiiiiiiiiiiii

_o

: see NOTE_' : ........................ x.

.......L::o';;

BUMNF

mH• . •

+BO•..x.WHERE

• ..• _ T F ! Tl _ TL i

NOTE 7

ZL +16,2

ZL +17,2

ML + 18,2

), ML _ 19,2

¢ 600+ 20,2

X 6O o_ 21,2

DDR +22,2

DCR _23,2

NOTE 9

0 +16,2

0+17

0 -- 18, 2

0 _19,2

0 _20,2

0_21

0 +22,2

0 +22,2

: RESTORE XRS : ............... g: EXIT

• 112,3,4,5,b _ • TRA 31_
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74. BUCFIT - SECOND DEGREE CURVE FITTING PROGRAM FOR

BbMAIN

BbCFIT FITS A SECOND DEGREE POLYNOMIAL

C = AOC ÷ AIC T + A2C T2

TO THE INERTIAL C-CCORD.INATES AS A FUNCTION OF TIME,

WHERE C = X,Y, OR Z. BUCFIT IS h SUBROUTINE FOR BUMAIN.

(SEE FLOWCHART)

INPUT

A)

B)

TABLE -

AN 84-LOCATION TABLE, (THE SIZE OF THE INPUT

TABLE NEED NOT BE RESTRICTED TO 84 LOCATIONS),

ARRANGED IN THE FOLLOWING FORMAT -

LIT F) TIME Tlt FLOATING POINT SECONDS

el X1, FLOATING POINT GEMINI LENGTH

UNITS

*2 YI' FLOATING POINT GEMINI LENGTH

UNITS

+3 Z1, FLOATING POINT GEMINI LENGTH

UNITS

+4 T2, SECOND RADAR MESSAGE

+5 _, SECOND RADAR MESSAGE

÷6 Y2' SECOND RADAR MESSAGE

+7 Z2, SECOND RADAR MESSAGE

... ETC_ UP TO 21 MESSAGES

L(T L) IS THE LOCATION OF THE TIME OF THE LAST

RADAR MESSAGE TO BE USED.

L{C F) IS THE LOCATION OF C1, WHERE C = XtY, OR Z

CONSTANTS -

KO01.O FLOATING POINT ONE
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OUTPUT

A 3-LOCATIOM TABLEt ARRANGED IN THE FOLLOWING FOR-

MAT -

L(COEFF.

÷I

÷2

C
TABLE) AOC, FLOATING POINT

AIC, FLOATING POINT

A2C, FLOATING POINT

METHOD

WHEN CONTRCL IS TRANSFERRED TO BUCFIT, THE CONTENTS

OF INDEX REGISTERS 1,2, AND 3 ARE SAVED.

NEXT A SECOND DEGREE POLYNOMIAL

C = AOC ÷ AIC T + A2cT2

IS FITTED TO THE C-COORDINATE VALUES AS A FUNCTION OF

TIME BY MEANS OF THE FOLLOWING THREE NORMAL EQUATIONS -

(NUMERICAL MATHEMATICAL ANALYSIS, J.B. SCARBDROUGH, THE

JOHNS HOPKINS PRESS, 1950, CHAPTER XVl, ART. 145.)

N N N N

A0C i + AIC Ti + A2C i = I

1 1 1

A0C Ti + AIC T'21 + A2C T'31 C i T.I

1 1 1 1

N N N N

_T.2+AIc _T. 3+ _T. 4= _C.T.2A0C 1 1 A2C 1 1 1

1 1 1 1

THE SUMS ARE COMPUTED, AND THE THREE NORMAL EQUATIONS ARE

SOLVED FCR AOC, AIC, AND A2C. ALL COMPUTATIONS ARE DONE

IN SINGLE PRECISICN ARITHMETIC.
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TNE CONTENTS OF INDEX REGISTERS It2t AND 3 ARE

RESTOREC AND CONTRCL IS TRANSFERRED BACK TO BUMAIN.

USAGE

A)

B)

C)

CALLING SEQUENCE -

TSX BUCFIT,4

PZE L(TF)ttLfT L)

PZE L(COEFF. C TABLE)_LIC F)

NORMAL RETURN

STORAGE REQUIRED - XX8 LOCATIONS

TIMING (7C94) - .623 + .29[ P MSt WHERE P = THE

NUMBER CF RAEAR MESSAGES OVER WHICH THE CURVE IS

TO BE FITTED PER ENTRY.

MAXIMUM TIMING - 6.730 MS (BASED UPON 2£

MESSAGES PER ENTRY).
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ENTER •

• ._:_...........*

8UCFET

• SAVE XRS

m

• L*2,3 "

: SEE_OTE_ :

NOTE 1 -

2's COMPL. L(T ) + _R1
F

2's COMPL. L(COEFF. C TABLE)_XII2

2's COMPL. LtCF)--XII3

NOTE 2 -

l+i

0+ B 1 = Xl 0 .B 2 ET

0--B 3 = ET 2 0.B 4 ZT 3

0--B 5 = ET 4 0 +R I EC

0+R 2 = EC.T 0--R 3 EC.T 2

_o...o....o..*_

• SEE NOTE 2

NOTE 4

T i + B 2 +B 2

Ti 2 + B 3 --B 3

Ti 4 + B.(+B 5

Ci'T i + R 2 +R 2

8UCHK

IB4tX

=*

I + B E +B E

T| 3 + B 4- B 4

C + R +R I

CI'Ti _+ R 3 +R 3

BUCBB

• •NO

IS 2'S COMPL

• • L(Ti) GT A *

i

• *YES

• Ti - LT 0 • ........

• SEE NOtE 4

_X ................

8UCHK

: • ,.,..
_i+ I INTO| *...X B4•

- ............. ; *--

BUCCC

. ............. :
• .............. X_ SEE NOIE 3

- ............. :

: SEE NOTE S :

H*••••*••.o,*.

• RESTORE XRS

• h2,3

: EXEr :
• 3,4

NOTE 3 -

V! B3/B l U L B2/B ]

-D 1 -B 3 + U I • O 2 -D 2 -B 4 + U I ' B 3

-D 3 -R 2 i U 1 . [1.I -F 1 -B 4 + V 1 ' B 2

-F 2 B 5 + V 1 • B 3 -I,':l -R 3 + V 1 • R 1

Qi F2 - El" D2/E)I

Q2 P3 - D2' D3/DI

NOTE 5 -

A2C Q2/QI INTO 2, 2

AIC = (1)3 F I" A2C)/D t INTO i, 2

A0C (R E - B 3" A2C - B 2 "AIc)/B 1 INTO 0, 2
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75. BUEDIT - EDITING PROGRAM FOR BbMAIN

BUEDIT EDITS CURVE-FITTED DATA ACCORDING TO THE FIT

ON THE C-CCDRDINATES BY MEANS OF A 3-SIGMA TEST, WHERE

C=X,Y, OR Z. BUEDIT IS A SUBROUTINE FOR BUMAIN. (SEE

FLOWCHART).

INPUT

A) TABLES -

AN 84-LOCATION TABLE (THE SIZE OF THE INPUT

TABLE NEED NOT BE FIXED. _OWEVER, THE MAXIMUM

NUMBER CF RADAR MESSAGES TO BE EDITED CAN NOT

EXCEED THE NUMBER OF LOCATIONS IN THE RESIDUALS

TABLE. HENCE, IF THE LENGTH OF THE INPUT TABLE

IS INCREASED, THE LENGTH OF THE RESIDUALS TABLE

MUST ALSO 8E INCREASED 6Y THE APPROPRIATE

FACTOR.) ARRANGED IN THE FOLLOWING FORMAT -

L(T F) TIME T 1, FLOATING POINT SECONDS

+I X1, FLOATING POINT GEMINI LENGTH

UNITS

+2 YI' FLOATING POINT GEMINI LENGTH

UNITS

+3 Z 1, FLOATING POINT GEMINI LENGTH

UNITS

+4 T2 SECCND RADAR MESSAGE

+5 X2 SECOND RADAR MESSAGE

+6 Y2 SECCND RADAR MESSAGE

+7 Z2 SECOND RADAR MESSAGE

... ETC, UP TO 21 MESSAGES

L(C F) IS THE LOCATION OF Cl , WHERE C IS X, Y, OR

Z.
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B)

C)

L|COEFF. C TABLE) AOC, FLOATING POINT

+[ AIC, FLOATING POINT

+2 A2C, FLOATING POINT

P_THE NUMBER OF RADAR MESSAGES

SUBROUTINES -

LIBRARY SUBROUTINE UXSQRT IS USED.

CONSTANTS -

KOOC00

KO03.0

KCH233

ZERO

FLOATING POINT THREE

OCTAL MASK FOR FLOATING POINT

CHARACTERISTIC, 2330000CO000

OUTPUT

A)

B)

A 3-LOCATION TABLE, ARRANGED IN THE FOLLOWING

FORMAT -

L(EUTPUT TABLE) c = SIGMA, FLOATING POINT

+L L = NUMBER OF MESSAGES ACCEPTED,

FIXED POINT

_EE = O IF NO MESSAGES HAVE BEEN
EDITED OUT, FIXED POINT

+2 _ 0 IF ONE OR MORE MESSAGES

HAVE BEEN EDITED OUT, FIXED

POINT

THE PROGRAM ALSO SETS THE TIME TAG (CONTAINED IN

T_E INPUT TABLE) NEGATIVE FOR ANY OBSERVATION

THAT IS REJECTED BY THE EDITING PROCESS.

METHCD

A)

B)

WHEN CONTROL IS TRANSFERRED TO BUEDIT, THE CON-

TENTS OF ALL INDEX REGISTERS USED ARE SAVED.

THE INPUT CURVE FIT COEFFICIENTS ARE USED TO

COMPUTE T_E MAGNITUDES OF THE RESIDUALS OF THE
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C}

D}

E}

F}

SPECIFIED INPUT COORDINATES OF THE MESSAGES

USING

D. : IC i + " T. + • Ti2) lI -(A0c AIC I A2C

THESE RESIDUAL MAGNITUDES ARE STORED IN INTER-

NAL STORAGE. P IS USED TO DETERMINE THE MAXIMUM

NUMBER OF RESIDUAL MAGNITUDES TO BE COMPUTED.

IF THE TIME TAG_ T , FOR ANY MESSAGE IS NEGATIVE

THE RESIDUAL IS NOT COMPUTED AND THE SIGN OF THE

APPROPRIATE INTERNAL STORAGE LOCATION IS SET

NEGATIVE.

THE ONE SIGMA ERROR IS THEN COMPUTED USING THE

RESIDUAL MAGNITUDES HAVING POSITIVE SIGNS AND

cC =_1 _ (Oi)2/(M - i)

WHERE M=NUMBER OF RESIDUAL MAGNITUDES USED.

EACH RESIDUAL MAGNITUDE IS THEN COMPARED WITH

3c c. THE TIME TAGS ASSOCIATED WITH ANY RESIDUAL

MAGNITUDE GREATER THAN 3c ARE SET NEGATIVE TO
C

REJECT ALL THREE COORDINATES OF THE MESSAGE FROM

USE IN FURTHER CURVE FITS. THE SIGN OF THE RE-

JECTED RESIDUAL MAGNITUDE IN THE INTERNAL STOR-

AGE TABLE IS ALSO SET NEGAIIVE.

IF LESS THAN SIX MESSAGES ARE LEFT UNREJECTED

AFTER THIS COMPARISON THE CONTENTS OF ALL RE-

GISTERS USED ARE RESTORED AND AN ERROR RETURN

IS MADE FROM THE PROGRAM.

IF SIX CR MORE MESSAGES ARE LEFT AND ONE OR MORE

WERE REJECTED USING THE CURRENT VALUE OF c THE
C

PRfiGRAM RETURNS TO THE LOGIC OF PARAGRAPH C}
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G)

ABCVE.

IF SIX OR MORE COORDINATES ARE LEFT AND NONE WAS

REJECTEC USING THE CURRENT VALUE OFC C THE CON-

TENTS OF ALL INDEX REGISTERS USED ARE RESTORED

ANC THE PROGRAM EXITS VIA ITS NORMAL RETURN.

USAGE

A) CALLING SEQUENCE -

TSX

PZE

PZE

PZE

ERRCR

NORMAL

BUEDIT,4

L(TFI,,L(OUTPUT TABLE)

LICOEFF. C TABLE),,LIC F)

P

RETURN

RETURN

B) STORAGE REQUIRED - t22 LOCATIONS (EXCLUDING SUB-

ROUTINE ULSQRT)

C) TIMING (7C9_) (INCLUDING TIME REQUIRED BY SUB-

ROUTINE UISQRT) -

CASE 1-21 RADAR MESSAGES, NO MESSAGES ELIMI-

NATED - 3.7[5 MS

CASE 2-21 RADAR MESSAGES, L MESSAGE ELIMI-

NATED ON EACH SUCCESSIVE EDIT

PASS, RESULTING IN 16 PASSES AND

AN ERROR RETURN - 43.197 MS

D) ERROR CCNDITIONS - AN ERROR RETURN IS THE RESULT

OF

I)

2)

AN ERROR RETURN FROM LIBRARY SUBROU-

TINE U[SQRT, OR

LESS THAN 6 RADAR MESSAGES ARE REMAIN-

ING AFTER ONE OR MORE EDIT PASSES.
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BUEML • * BUES3

! cv;{2....! ." ".YES
"80'''X'INTO_D_ " :_OlX. IS k iT. -i"'.•.
• * * l * • • BT,

H •• . , •.•

• ,**,****H**H , * • •

NO

1.2.3,,.L!SAVE XR
6,7

• • . 8UESI

. -NO :............." ..•

• BI-X IS i GT P ............... X: •+1INTO• :..._ A9:

. " ............. : "'"
_ES

* L INTO 1,2

:.............:

: SEE NOTE l :

*HH•mgglig*,:

• • BUERR

• l,*,,••.,...., l ,

• UI RT • * •YES .l•

• ............ x IS THERE AN *X 09-

. z ERROR • • •

• * • • H*
HHH*H*HH• • ,

NO

: RESTOREXR. :

BUEST

:A3:X * ti GT ¢

•NO

_ES

BUEAA

:.............: :.............:

• _÷I INIO _ : :SET SIGN DE

:.............: :5 NEO. :

• X ............................... :

:i + IINTO I "

BUEBB

• • BUESI BUES3

* •NO •., "" " L INTO M •

is_ G, p * ._ A3: :BT: x:SETE_ :
• * • • • * • INTO 2,2

. H, m*

. * • .

• YES

i

• I INTO i

:
**H.•.WHHI•*

8UESI

.--. • • -NO m•*

• A9•X IS O i GT 0 •X BI•

• , :ES ...x:8_:

NOTE 1

2's COMPL. L(TF)_XR1

2'S COMPL. L(OUTPUT TABLE)-- XIL2

2' s COMPL. L(COEFFcTABLE)_ XR5

2's COMPL. L(CF)_XR3

t_XR4, O_M, 1_ i

SET E-O_2.2

BUES2

.65•1

BUENX

*CS*X

H

.. : ............. :

:o3:..x:RESmRE XKS :
• •** : 1,2,3,5, 6, T•

"'.**HHHHH

:I INTO i,0 INTOL

• L's COMPL. L (TF)

:AN.TO.X..%......

**•*..•..•.•...

: EXIT "

• S,4 *

• .YES

IS O i LT 0 • ........

• _o

• " BUENX

• io,i " .No ....i "'"
e :LT/ ................... i_lD i IINTOD i .... ; CB i

• . • .*.H**H*****.

YES

: L+I INTO t *

.

_X .................

• .N_ : i+I INTO i : •**

" * _ES

• BUERR

• aYES .••.•.e••l•..•:
• el•- : RESTORE XR6.• -•'•.

IS t LT b • ........ -Dg••.X• XR4+I INTO •...X D3.
• • * XR_

.......... x• O0.

BUEMI



VOL Ill REAL TIME PROCESSORS PART II - ORBIT/REENTRY

76,, BUGSCP - SPACECRAFT POSITION AND HEIGHT DETERMINA-

TION PROGRAM FOR BUMAIN

BUGSCP COMPUTES THE GEODETIC LATITUDE, LONGITUDE,

AND GE_0ETLC HEIGHT OF THE SPACECRAFT AT TIME T. BUGSCP

IS A SUBROUTINE FOR BUMAINo {SEE FLOWCHART).

INPUT

A)

B)

C)

TABLE -

A /,-LOCATION TABLEt ARRANGED IN THE FOI LOWING

FORMAT -

L(INPUT TABLE)

+I

T TIME, FLOATING POINT SECONDS

X X-COORDINATE, FLOATING POINT

GEMINI LENGTH UNITS

+2 Y Y-COORDINATE, FLOATING POINT

GEMINI LENGTH UNITS

*3 Z Z-COORDINATE, FLOATING POINT

GEMINI LENGTH UNITS

SUBROUTINES -

SUBROUTINES UISQRT, ULATAB, AND UIATNA ARE

USED.

CONSTANTS -

KOOIoO

KKK2PI

K. INB2

K.B2GU

FLOATING POINT ONE

FLOATING POINT VALUE OF 2_,

6.283L853

INVERSE OF THE SQUARE OF THE

SEMI-MINOR AXIS OF THE GEMINI

SPHEROID IN FLOATING POINT GEMI-

NI LENGTH UNITS, 1.C067383

SQUARE OF THE SEMI-MINOR AXIS OF

THE GEMINI SPHEROID IN FLOATING
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K.ECC2

K.OMES

KLAMD01

POINT GEMINI LENGTH UNITS,

.99330680

SQUARE OF THE ECCENTRICITY OF

THE GEMINI SPHEROID IN FLOATING

POINT GEMINI LENGTH UNITS,

.66931988 X 10 -2

ANGULAR ROTATIONAL VELOCITY OF

THE EARTH IN FLOATING POINT RA-

DIANS/SECENDS, .7292II51X IO -4

INERTIAL LENGITUDE OF GREENWICH

AT MIDNIGHT PRECEDING LAUNCH IN

FLOATING POINT RADIANS.

*KLAMDC IS NOT A TRUE CONSTANT. IT IS A PARAMETER WHOSE

VALUE CHANGES WITH EACH CAY OF THE YEAR. FOR SIMPLICITY,

IT IS CURRENTLY ASSIGNED THE VALUE ZERO IN THE GEMINI

SYSTEM.

GUTPUT

A 3-LOCATION TABLE, ARRANGED IN THE FOLLOWING

FORMAT -

L(OUTPUT TABLE) @ GEODETIC LATITUDE AT TIME T,

FLOATING POINT RADIANS

C /2)

÷!

+2

LONGITUDE AT TIME T, FLOATING

POINT RADIANS (@ < _< 2 _)
w

H GEODETIC HEIGHT AT TIME T,

FLOATING POINT FEET

METHCD

WhEN CONTRCL IS TRANSFERRED TO BUGSCP, THE CONTENTS

CF THE INCEX REGISTERS USED ARE SAVED.
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NEXT, @ _ AND H ARE COMPUTED. REFER TO GRTS PROGRAM-

MER WORKBCOK, VOLUME Ill, PROGRAM A3GSCP FOR THE DERIVA-

TION CF EQUATIONS USED.

FINALLY, THE CONTENTS OF THE INDEX REGISTERS USED

ARE RESTOREC AND CONTROL IS TRANSFERRED BACK TO BUMAIN.

USAGE

A)

B)

C)

D}

CALLING SEQUENCE -

TSX BUGSCP,4

PZE L(INPUT TABLE),,L[OUTPUT TABLE)

ERROR RETURN

NORMAL RETURN

STORAGE REQUIRED -

84 LOCATIONS (EXCLUDING SUBROUTINES UISQRT,

UIATAB, AND UXATNA)

TIMING (7C94) -

1.757 MS (INCLUDING TIME REQUIRED BY UISQRT,

UIATAB, AND UXATNA)

ERROR CONDITION -

AN ERROR RETURN IS THE RESULT OF AN ERROR FROM

ONE OF THE LIBRARY SUBROUTINES.
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ENTER •

• Ow6 •
ilittttluloi_a@

BUGSCP
Jonilli*tm**lim

: SAVE_RS :

VOL Ill REAL TIME PROCESSORS PART II - ORBIT/REENTRY

• • • *YES e,* t*em • * • " *NO
• •** • •

eBO•X IS |HERE AN • _ DE_ eCOeX XGT/= @
• • • ERROR • • • • • •

• ;,o ;ES

: SEE NOTE 1 • • X INTO 1, 2 *

! ............. ** ** ............. : tan_ i+

X+2n INTO ¢ : •'*

............... x..... _ co:

:•HH.**•HH: *•*

NOTE

e2tan_i+z

• 2's COMPL L (INPUT TABL)

: TO XRI 2's COMPL L (OUTPUT

• TABL) TO XRI

.............. • : SEc2 ¢i :

: tan_i +1 : ::tml2 4> i + 1 ............
INTO tan 4, i :

•••*••,•••o•,o°

A2=X2+y 2

_•OHHm•°°°.•_

••.•*•***•••.•••m•

• UIS_RT •*

• COMPLTE A •

,•,••,o,•**,•,o*

• " " .,ES . : ..... .. :.............:
• IS C[XR3} GT • * .............. X• XR3_]KNTO .... X AS• ::03:..X: k°HINTO2'2 :

_o

k

* UIATNA "• • UIS_RT :• _ RESTORE Xr4 :
• e COMPUTE _i • COMPUTE SEC _i • :

• °

* • • • *Y_S •••••

IS T_ERE Ah ,x C8*
ERRCR

x

_tan¢ i

° 1 Z

• 0 ilNTO 8. 2 ,

• • °YES "•• •° :•*•'***••°*'•:
• • * * • * * •

IS THER_ AN •X OBm •DS•..X• RESTORE XR'S•

ERROR • ° • • • • 1.2.) °

• . •.... ..............:
• _o

:.............: :"_i"........: ...............
: p = _t- A g : : b_tsn2¢+l : • EX|T :

*H•••*••i***** ,••H•****,••*•

• 2 IhTC XR] :

**•*•,•*•••••**

" UIATAB COMP *•
t_n -I y

• X-

.*...•.*..•*..•

" ULSQRT ••

• COMPUIE C *
• °

O•***•*H•••H•

BUGAI

•*,,,,*****.,•°

*.. : Q 2 :b2ta_2 *

°AB•..X• ¢ i + *

• * " •YES ,••

• IS THERE AN * ,_ D8**

ERROR * * *

_o

• " ,YES : ............. : ***
* * *'** • RESTORE X½_ *

• IS THERE AN • ........ •DO°..X° XRQ+I INTO :...X 05:

ERROR • • • XR_ • •

• * " " .. :***°**.°*****_ "•*

UISCRT **_ 80:

• CCMPUTE C • * •
• • *H

.•*•••••,,•,.•°

•,,•,,••*•°,,,.

** X :tan-1 y : ••**•

• _-P -...X CO*

:.............: ...

:'Y;_E_'_'": ...

Q
:.............: ...
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77. BUFPPR - FOOTPRINT DESCRIPTION

m 1

GIVEN A t, r, v ARRAY, BUFPPR OBTAINS THE IMPACT

POSITICNS FOR ZERO LIFT, MAXIMUM LIFT, AND 60-DEGREE BANK

ANGLE CONDITIONS, AND COMPUTES THE DOWNRANGE AND CROSS-

RANGE DIMENSIONS OF THE ASSOCIATED FOOTPRINTS. IT IS A

SUBROUTINE OF BUMAIN, THE MAIN COMPUTATIONAL PROCESSOR

FOR THE DIFFERENTIAL CORRECTION BACKUP PROGRAM. (SEE

FLOWCHART.}

INPUT

A) CONSTANT -

KMINTR - CONVERTS MINUTES TO RADIANS

B) COMMUNICATION CELL -

MCRWGT - REENTRY WEIGHT OF THE SPACECRAFT

(FLOATING POINT POUNDS.)

C) TABLE -

L(INPUT) - THE LOCATION OF A 7-1TEM TABLE CON-

TAININGt RESPECTIVELY, TIME IN FLOATING POINT

SECONDS, COMPONENTS OF THE POSITION VECTOR IN

GEMINI LENGTH UNITS, AND COMPONENTS OF THE

VELOCITY VECTOR IN GEMINI VELOCITY UNITS.

D) INTERMECIATE TABLE -

TMBUFO - GEODETIC LATITUDE OF IMPACT IN FLOATING

POINT RADIANS.

TMBUFO÷I - LONGITUDE OF IMPACT IN FLOATING POINT

RADIANS.

THE ABOVE VALUES ARE SET WITHIN MYFPPR BEFORE IT

RETURNS TO BUFPPRo
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E) SUBROUTINES -

1) LIBRARY -

UtSICC

U3XPRO

U3UNTV

U3DCTP

U3ASCG

2) GEMINI SYSTEM -

MYFPPR, A MONITOR PROGRAM WHICH CALLS THE

INTEGRATOR, NOCPNI.

OUTPUT

A) TABLE -

L(OUTPUT - ThE LOCATION OF AN 8-1TEM TABLE WHICH

CONTAINS THE FOLLOWING -

I) ZERO LIFT IMPACT LATITUDE (FLOATING POINT

RACIANS)

2) ZERO LIFT IMPACT LONGITUDE (FLOATING POINT

RADIANS)

3) MAXIMUM LIFT IMPACT LATITUDE (FLOATING POINT

RACIANS)

4) MAXIMUM LIFT IMPACT LONGITUDE (FLOATING

POINT RADIANS)

5) 60-DEGREE BANK ANGLE IMPACT LATITUDE

(FLOATING POINT RADIANS)

6) 60-CEGREE BANK ANGLE IMPACT LONGITUDE

(FLOATING POINT RADIANS)

7) DOWNRANGE DIMENSION OF FOOTPRINT (FLOATING

POINT NAUTICAL MILES)

8) CROSSRANGE DIMENSION OF FOOTPRINT (FLOATING

POINT NAUTICAL MILES)
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B} INTERMECIATE TABLE -

TBUFIN - A 1T-LOCATION TABLE REQUIRED AS INPUT

TO NOCPNI. THE FOLLOWING _RE SET WITHIN BUFPPR -

TBUFIN

X COMPONENT OF POSITION VECTOR IN

FLCATING POINT GEMINI LENGTH UNITS.

÷I - Y COMPONENT OF POSITION VECTOR

+2 - Z CCMPONENT OF POSITION VECTOR

÷3 -_ COMPONENT OF VELOCITY VECTOR IN

FLOATING POINT GEMINI VELOCITY UNITS

+4 - Y CCMPONENT OF VELOCITY VECTOR

e5 - _ COMPONENT OF VELOCITY VECTOR

÷6 - TIME OF THE ABOVE VECTORS IN FLOATING

POINT SECONDS

+I2 - REENTRY WEIGHT OF SPACECRAFT IN

FLOATING POINT POUNDS

÷14 - GMT TO INITIATE ROLL IN FLOATING POINT

SECONDS

= TBUFIN +6 FOR ZERO LIFT CASE

< 0 FOR MAXIMUM LIFT AND 60 DEGREE

BANK ANGLE CASES, INDICATING NO ROLE

•'_ - BANK ANGLE IN FLOATING POINT DEGREES

NOT USED FOR ZERO LIFT CASF

= 0 FOR MAXIMUM LIFT CASE

= 60. FOR 60-DEGREE BANK ANGLE CASE.

÷16 = 0 (INDICATES DO NOT FILL IN TNREEP

TABLE.)

METHCD
m

A t, r, v ARRAY IS SPECIFIED BY THE INPUT. USING THIS

FOR INITIAL CONDITIONS, THE TRAJECTORY IS INTEGRATED TO

IMPACT THREE TIMES USING THE GEMINI INTEGRATOR, NOCPNI.
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THIS IS DONE ONCE EACH FOR ZERO AND MAXIMUM LIFT CONDI-

TICNS, AND CNCE USING A 60-DEGREE BANK ANGLE. AFTER EACH

CASE, THE GEODETIC LATITUDE AND LONGITUDE OF IMPACT ARE

STORED IN THE OUTPUT.

ONLY A SMALL ERROR OCCURS IF THE GEODETIC LATITUDE

AND LONGITUDE ARE TREATED AS SPHERICAL COORDINATES ON A

UNIT SPHERE. USING THIS APPROXIMATICN, THE UNIT POSITION

VECTORS OF AN IMPACT POINT IN AN EARTH-RELATIVE CARTESIAN

FRAME MAY BE OBTAINED AS FOLLOWS -

X = COS k COS @

Y = SIN k COS @

Z = SIN @

THE UNIT POSITION VECTORS ARE DESCRIBED USING THE

ABOVE EQUATIONS FOR_zL, THE ZERO LIFT CASE, r--NiL , THE

MAXIMUM LIFT CASE, ANDS60, THE 60-DEGREE BANK ANGLE CASE.

A VECTOR IS FORMED WHICH IS PERPENDICULAR TO THE

PLANE CF_ML AND_zLBY A CROSS PRODUCT -

_C = rML x _ZL _

THE VECTOR rcIS THEN UNITIZED-

THE ANGLES SUBTENDED BY THE DOWNRANGE AND CROSSRANGE

DIMENSIONS OF THE FOOTPRINT ARE FOUND, RESPECTIVELY, BY

qbL cos -1- -= rML . r ZL ' (DOWNRANGE) AND

_bw = SIN -1 _
r60 " _D' (CROSSRANGE) SEE SECTION 79

SENCE CNE NAUTICAL MILE IS, BY DEFINITION, EQUAL TO ONE

MINUTE OF ARC AT THE EQUATOR, THE DOWNRANGE AND CROSS-
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RANGE DIMENSIONS OF THE FOOTPRINT ARE,

L {NAUT. MI.) _ 8L (MIN)t AND

W {NAUT. MI.) _E)VC {MIN.).

L AND W ARE STORED IN THE SEVENTH AND EIGHTH OUTPUT

LOCATICNSo

USAGE

A)

B)

C)

D}

CALLING SEQUENCE -

TSX BUFPPR,4

PZE L{INPUT)_,L{OUTPUT)

ERROR RETURN

NORMAL RETURN

STORAGE REQUIREMENTS - X04 LOCATIONS, EXCLUDING

THOSE REQUIRED BY EXTERNAL CONSTANTS_ TABLES,

AND SUBROUTINES.

TIME RE{UIRED {MAXIMUM 7094) - 2.89 MILLI-

SECONDS, EXCLUDING TIME REQUIRED BY THE INTE-

GRATOR, NOCPNI.

ERROR CCNCITIONS - AS OF 6 APRIL 1965_ NO PATH

EXISTS WITHIN BUFPPR TO EXIT TO THE ERROR

RETURN PORTION OF THE CALLING SEQUENCE.

THE CALLING SEQUENCE HAS BEEN LEFT UNCHANGED SO

THAT REPRCGRAMMING WILL NDI BE IMPOSED ON OTHER

PORTIONS OF THE SYSTEM.

SHOULD AN ERROR RETURN BE ENCOUNTERED FROM ONE

OF THE SUBROUTINESt ZEROS ARE STORED IN THE

PORTION OF THE OUTPUT WHICH HAS NOT BEEN SET.

BUFPPR THEN EXITS TO THE CALLING PROGRAM VIA THE

NORMAL RETURN.
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DERIVATION OF FOOTPRINT EQUATIONS

rML

\_i
L AND W ARE SEGMENTS OF GREAT CIRCLES ON THE SURFACE

OF A UNIT SPHERE WITH CENTER AT C._ D IS THE UNIT VECTOR
m

OF rMLxrZL .

THE PLANE FORMED BY rZL ANDrML IS PERPENDICULAR TO

THE PLANE FORMED BY rD ANDr60t AND THE TWO PLANES INTER-

SECT ALCNG LINE SEGMENT P.

rzL'rML;IrzLIIrMLIo°sOL=o°s 

0 L c°s-1 - -= (rZL "rML)

L

_oo._D:IroolI_1 oo_(_/_.-0w>:_r__

0 W sin-1 - -= (r60 • r D)

W
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• ENTER :

• FRCN 016 •
JeiHIHlg••,,•

.***,•*•o,,••,*

°BO*X ULSICO
• * • COMPUTE COS *

:.•••.••••.•.=:

:SEE NOTE 1

i ............. :

BUFRR

• ¢2•X CC,PbtE 2, ¢
• • • AT IPPJCT •

o*

:A3_X • IS THERE An

ERRGR• • • •
• o • •

;,C

BUFOR

i @ IKTG 0,2 :INTO I, 2

•Hi•imiIH°O,°

• " *YES

IS THFRE AN • ........
• ERROR

• COS _. COS _ •

INTO X_

-.............•

BUFEL

• .YES : ............. :

• • .............. X: O INTO O.Z O:

• INTO 1,2 •

•.............•

"x .................

BUFE2 • • • • BUFER

• NO _.,
°•°. .

• H_•X IS XR3 GT 1 • •_( 09:
• • . * • •

• _ES

l•••*•*•*,*°,•.

• °°

UISICO
COMPUTE SIN % •

• • BUFE2

• • " ,YES °°°

• • • •

IS THERE AN ,X B_•

• ERROR • ° •

_u

NOTE i

SAVE XR'S

2's COMP L (INPUT) _ XRI

z's COMP L (OUTPUT) _ XKZ

SET UP INPUT FOR MYFPPR

3--XR3

NOTE 2

SET BANK ANGLE FOR NEXT CASE

MAKE TIME TO BEGIN ROLL NEG

X It2 -2 _ X RZ

XR3-I --XIt3

*°**o•,,.o°°,•o

• uISICC •
• CCMPUTE SI_ q. •

......°.....•.•

:••••''•••'•'*: °••

: xR3 - l INTO. • •
xx3, XR 2-? •...x A3•

INTO xr2 • • •

_..°°.o..°.°.,_ •'•

,,•••,,,,,,,,.o

• SIN ACOS • :

• INTO Yi

: ............. :

• BUFE2

• °YES .°-

• IS' TFERE A_ " •_ B4:

EWRCR • • *

_C

UOFCC • bUERR

. • • :.............: ,..
°YE_ • SEE NorrE 2 l _ A "

• • IS XR3 GT I • • .............. X• o... 2•

• • • :,,°,•••.••°o°•

, ° •

NO

:'••••o*••••'°:

:.._ ......... :

t 1. ZERO LIFE

i 2, MAX LII.'T

i 3. 60 ° BANK

BUEVV
•,,°•.•..•,.••.

• U3XPRO

°" VECTOR PRODUCT •,

• rMLX rZL INTO

r C

,•,•*,°••••.,,*

• UISICC •
• CCWPUI£ CES *h °

".°°......°....••

.'"d;d_,_ .......

• _C INTO r D

• ,l_c 1

Ho.•••••••,•••"

• surF2

• ,vtS •.,

• IS l_t_E A_ *X _4•
EaRCR • * *

• • ,H

• °tH°

:._ ...........

HUFER HUFR_
.o,••..•••,•.°•

I_Tt) ?,20,...X BH •
[S IHER[ AN " • ........ "D_ ..X• O INTO },2 • ]LIT,

ERKOK • • °

.. -.. : ............. : ....
• • _o :*"-

.......... x* BO *

123_•
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:BO*m*VECTOR PRODUCT **

:*** ** rZL * rML e I

****He ***

• UIASCO ee** **

,e COS_I(_zL. rML *

*e INTO O
HttHImt***He _

• 8UFER

* • • eYES ••**

• • IS THERE AN • •_ 09**
ERROR * 1232*

• ,*e•

*JewH•aa****•*

: co ERT TO :
*MINNoVINTO 2,2*

**•H,eHe*H**

• " U3DOTP *•

• VECTOR PRODUCT •

• ..q....6.o ....... *

.._;R_.........
* "SIN-1 (rD " r60 ) .*

e• INTO O e

*eeo,,,,•****•,

• BUFER

• • *NO "*'*

• * IS THERE AN • •_ 09ee
ERROR • 1232•

• *e•e

_es

: CONVERT O TO•MINS e INTO •
• 3,2 *

BUFR4

... : ............. :

:,8"..x:RESTOREXR_ :

"** :oo,o,,.oo,..•:

BUFRT

:••*°°*••°*•*•: •°*e°•••*°,•e°°

e °,°**°°°,°•.ee.
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78. BUKEPE - PRCGRAM TO COMPUTE SIX CLASSICAL ELEMENTS.

GIVEN A POSITION AND VELOCITY VECTOR IN GEMINI

UNITS, THIS PROGRAM COMPUTES SIX CLASSICAL ELEMENTS.

BUKEPE IS A SUBROUTINE OF THE ORBIT PHASE BACK UP TO DIF-

FERENTIAL CORRECTICN PROGRAM BUOBCP. (SEE FLOWCHART.)

INPUT

A)

B)

C)

TABLE -

A 6-LOCATION TABLE_ ARRANGED IN THE FOLLOWING

FORMAT -

L (INPUT TABLE) X

+1 Y

÷2 Z

+5 Z

CONSTANTS -

KOOI.O

KCGUNM

KKK2Pl

FLOATING POINT GEMINI LENGTH

UNITS

FLOATING POINT GEMINI LENGTH

UNITS

FLOATING POINT GEMINI LENGTH

UNITS

FLOATING POINT GEMINI VELO-

CITY UNITS

FLOATING POINT GEMINI VELO-

CITY UNITS

FLOATING POINT GEMINI VELO-

CITY UNITS

FLOATING POINT ONE

K¢_ CONVERTS GEMINI LENGTH UNITS

INTO NAUTICAL MILES,

.36439336X[04

FLOATING POINT 2 _, 6.2831853

SUBROUTINES - UISQRTt U3VMAGt U3DOTPt U3XPROt

UIASCGt AND UIATAB ARE USED.
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GUTPUT

A) TABLE -

A 7-LOCATION TABLE, ARRANGED IN THE FOLLOWING

FORMAT -

L{OUTPUT TABLE) a

÷I e

+2 u

g

+3 i

+5 co

+6

0

SEMI-MAJOR AXIS, FLOATING

POINT NAUTICAL MILES

ECCENTRICITY, DIMENSIONLESS

TRUE ANOMALY, FLOATING POINT

RADIANS

INCLINATION ANGLE FLOATING

POINT RADIANS

LONGITUDE OF THE ASCENDING

NODE, FLOATING POINT RADIANS

ARGUMENT OF PERIGEE,

FLOATING POINT RADIANS

IF a AND e HAVE BEEN COM-

PUTED SUCCESSFULLY

IF a AND e HAVE NOT BEEN

COMPUTED SUCCESSFULLY

METHOD

(FUNDAMENTALS OF CELESTIAL MECHANICS, J.M.A. DANBY, THE

MACMILLAN COMPANY, 1962, CHAPTER 6, PP 115.)

A) THE CENTENTS OF THE INDEX REGISTERS USED ARE

SAVED AND THE 7TH LOCATION OF THE OUTPUT TABLE

IS SET TO ZERO.

B) THE SEMI-MAJOR AXIS a IS COMPUTED USING

e cos E = rv 2 - 1

r
a =

1 - e cos E
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a IS CCNVERTED TO NAUTICAL MILES, USING THE CON-

STANT K_b. IF r EQUALS ZERO OR UPON AN ERROR RE-

TURN FREM A LIBRARY SUBROUTINE, THE PROGRAM

TRANSFERS CONTROL TO THE LOGIC OF PARAGRAPH H)

BELOW.

C) THE ECCENTRICITY IS COMPUTED USING

e sin E -

e = _(e sin E)2 + (e oos E)2

UPCN AN ERROR RETURN FRDM A LIBRARY SUBROUTINE

II_E PRCGRAM TRANSFERS CONTROL TO THE LOGIC OF

PARAGRAPH H) BELOW. OTHERWISE, HAVING COMPUTED

a AND e SUCCESSFULLY, THE 7TH LOCATION OF THE

CUTPUT TABLE IS SET NONZERO.

D) THE TRUE ANOMALYv IS COMPUIED USING

arctan_e _sm_E _h
v= \ ecos__-_- _ /

E)

IF v IS NEGATIVE, 2 _ IS ADDED TO v

UPCN AN ERROR RETURN FROM A LIBRARY SUBROUTINE

THE PRCGRAM TRANSFERS CONTROL TO THE LOGIC OF

PARAGRAPH H) BELOW.

THE INCLINATION ANGLE i IS COMPUTED USING

h=rxv

i = arc sin
2 + hy

h J

1236



VOL liT REAL TIME PROCESSORS PART IT - ORBIT/REENTRY

F)

G)

H}

I)

UPON AN ERROR RETURN FROM A LIBRARY SUBROUTINE

THE PROGRAM TRANSFERS CONTROL TO THE LOGIC OF

PARAGRAPH H) BELOW.

THE LONGITUDE OF THE ASCENDING NODE G IS COM-

PUTED USING

IF _ IS NEGATIVE, 2 _ IS ADDED TO

UPON AN ERROR RETURN FROM A LIBRARY SUBROUTINE

THE PROGRAM TRANSFERS CONTROL TO THE LOGIC OF

PARAGRAPH H) BELOW.

THE ARGUMENT OF BERIGEE 09 IS COMPUTED USING

u=arctan lYhZ-hxh /x- y/

09--- U- /2

IF u IS NEGATIVE, 2 _IS ADDED TO u. IF 09 IS NE-

GATIVE, 2 _ IS ADDED TO 09 IF THERE IS NO ERROR

RETURN FROM A LIBRARY SUBROUTINE THE PROGRAM

TRANSFERS CONTROL TO THE LOGIC OF PARAGRAPH I)

BELOW.

ZEROS ARE STORED IN THE LOCATION OF THE QUANTITY

CURRENTLY COMPUTED THROUGH THE 6TH LOCATION OF

THE OUTPUT TABLE.

THE CONTENTS OF THE INDEX REGISTERS USED ARE

RESTORED AND BUKEPE EXITS VIA ITS NORMAL RETURN.
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USAGE

A) CALLING SEQUENCE -

TSX BUKEPEt4

PZE L{INPUT TABLEttLIOUTPUT TABLE}

NORMAL RETURN

B) STCRAGE REQUIRED - 130 LOCATIONS

C} TIMING (7C94) (INCLUDING ALL LIBRARY SUBROU-

TINES} - 3.068 MS.
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• ENTER
• OtR •

• *• JloeJ*H ioml

BUKEPE .Q••.l..•se_le_

• SAVE XRS •
• 1,2,4

:*****.*******:

JZ's COMPL. •

: L (INPUT TABL_
,]lqTO XRI

"2'8 COMPL.
HItm,,mH•m.H

:"_'o'¢4_÷....:
• TABLE) INTO *

: x_
• @ INTO 6,2

H•p*i,°•im•*•o

i
.**•*°HH.IH•

U3VMAG
• COMPUTE r

, •

_Ot |l| RE_I TI_E pROCESSORS PART [I - ORBIT/REENTRY

• * * •*e***•m••**'•:

• * • •YES **•• •• °zaa v = t

•*" * AN " ._ 02• :CO:..x_NE_ .

•fiOeX•.•• •IS ERRoETHERE *. _ ..... COSE -e_ •

• _o

• 03DOTP
COMPUTE

J. r.v .•
**•••m*•.••••••

: e SINE =
._.,_
: _T_-- :

i

:÷(e COS E} 2 _

-.............,

• UISQRT

• COMPUTE

• •**lu. •••t•m•*

• " UIRTAB *"

• COMPUTE P *

• ..,.•,,•t••••*. •

.

• * *YES ••••

• IS THERE AN •_ 05 ••

• ERROR • 12_0 •
• •t••

_o

• * • •t,•••••••*•**:

• * *N_ : v+z_ zNTOv

IS SIGN v =* • * .............. X:

• ." :.............:

• * _ES

-

:X ............................... "

" v INTO 2.2 : ,'•• * • •_ Oh•.

• • • THERE AN: C4 : •O&•X IS ERROR 12400

_o

• " -_ES ***.

• • |_ THERE AN • •_ D3 ••

• ERROR • 1240.

• :c

• aYES :-**.

IS r _0 *X D3 •
* • 1240•

• • *•4•

• e COS E= rv2 _1

• • • *YES *•••

• • 15 THERE AN • •_ D_ ••

E_ROR • 12_0-
• *•*•

_o

• e INTO 1,2 •

• SET 6.2 NOT=O•

*COMP

*eCO E-_ :

: _ - 3

• U3XPRO ••

COMPUTE

• U3VRAG *

• • COMPUTE h ••

• h •

°

• UIASCO
COMPUTE i •*

• * * *va.s :*.** • • * *yes. ****

• IS THERE AN •x D6 • * IS T_ERE _N Ob
ERROR • |2RO • ER_OB • 12 _'Oe

• * •••. • . •*H

_0 NO

:•***•*••***••:r

K a INTO , 2 •

• UISCRT "*_ ,c:

• CCVPUIE • • "

UIS_RT •
"• COMPUTE

*, /i _e_ **

. " •YES ***•

IS THERE _N *_ D5 *

ERROR * IZ_O•

:.?? ...... _: _o.

123g

• COMPUTE *

: h 2 + h 2
Y• × *

• COMPUTE *•_ D_:

• ilNTO 3,2

• tan _ * ••*•

h× * • *
• ...x AO *

• -_y : l_:_"
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teo t.., *oiat...e! t

_A0t9 t UIATAB mt
• • • C0_PUTE _ •

o*, **om • *_oee_*,*Q °

• • • orES He

• xS tHER_ An * *_( Ot_

• ERROR • • •
I i III

•C0*X, * * _ = + * " .............. X_ INTO ¢o

• • _'ES

'X ...... o ........................ "

•*•lllIHt••*••

: _ •TO 5,

••••e••eii_oH•

i

.Yes "'"•*"* •*'•"
• n+2_

• IS SIG_ _ = + " .............. X_INTO 0

IIHHH••••H•

:X ...............................

eHeHH•aHH*

1. aZNTO42 :

• .............

.-. : ............. ;
*C2•..X_ RESTORE XRS

• • • 1,2,4

.. . ............. ;

• *•••*e•e* • •ee*

EXIT *

• H•It•H* *•••

_03*.oK_ 0 INTO 0,2 *

• * •

• De _*••*******,**_

ee*..eeeee*..*e

: COMPUTE :

yh x - Xhy

•***tHeeeHH_

.•. : ............. :

!o,:..x:.o INTOi

*tanu _
** Zh •

** Yhx'_ Y

... : ............. :

_os*..x[ o Into a,_

*_" _***.**,,,***.;

•ee,e_•ee•e,,ee_•

UIATAB
• CC_PUTE U •

*.*m*te.e•._..••*

_O_*..x_ U INT0 _,_ :
• • *

.eHI_*H.eHee

• YES •••
g t

• IS T_ERE AN e_ 08_

J m

ERROR • ° •
ee_

_C

.•• _**''*°°*e***° i

• 07_.,X_ U INTO 6,2 *
• * * •

II iIiIiIIiIIIiii _

e

. • eeeeeeeeeoeeeee
e eYES

• SIGN U • • I) * 2 _ •
e • .............. X*" INTO U

NOT +

, ;,c

:x .................. . .......... o.."

lllllilllllllll

• ee•

u_. "..._ co"
-= He

_lolllllllnllll

• e _ee**•ee.•ee.e! •••

• os:...: _ _Nr_i _,_ .... _ ca:

"'." i............. ...
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7g. MFBUDC - MONITOR SUFFIX TO BUDCCP AND BUOBCP.

SEE FLCWC_ART.

INPUT

MCBUER - ZERO IF NO ERROR OCCURED IN BUDCCP.

- NCN-ZERO IF ERROR OCCURED IN BUDCCP.

- OUTPUT TABLE FROM BUDCCP OR BUOBDP

CUTPUT

TVBUPR - TABLE OF QUANTITIES TO BE PRINTED ON-LINE.

METMOD

A)

B)

C)

D}

IF THIS PASS IS NOT IN REENTRY, CONTROL IS

PASSED TO PARAGRAPH IC). IF AN ERROR OCCURED ON

THIS PASS, CONTROL IS PASSED TO PARAGRAPH {D).

THE REENTRY OUTPUT IS MOVEC TO THE PRINT BUFFER,

THE LATITUDE AND LONGITUDE QUANTITIES ARE CON-

VERTED FROM RADIANS TO DEGREES, AND THE TIME IS

CCNVERTED TO FIXED POINT. THE REENTRY QUANTI-

TIES ARE THEN PRINTED ON-LINE.

THE DIFFERENTIAL CORRECTION PROCESSORS ARE UN-

SUPPRESSEC AND CONTROL IS PASSED TO MOPRIO.

THE LATITUDE AND LONGITUDE QUANTITIES ARE CON-

VERTED FRCM RADIANS TO DEGREES AND THE ORBIT

CUIPUT CUANTITIES ARE MOVED TO THE PRINT BUFFER.

THE ORBIT QUANTITIES ARE THEN PRINTED ON-LINE

AND CC_TRCL IS PASSED TO PARAGRAPH (B).

T_E ERRCR FLAG IS RESET AND THE UPPER CORE BLOCK

NUMBER IS SAVED FOR PRINTING. AN ERROR MESSAGE

IS PRINTEC ON-LINE AND CONTROL IS PASSED TO
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PARAGRAPH (B)o

USAGE

MFBUDC IS ENTERED FROM BUDCCP AND BUOBCP AND EXITS

TO MOPRIO°

A) STCRAGE REQUIRED - 86 LOCATIONS

B) COMMUNICATION CELLS - MCPHSE, MCBUER

C) TABLES - TMBUPR

D) CONSTANTS - KOO.Pl, KKK2PI,KRTDEGtKCH233,KMNMSK

E) MACROS - £ENBZ, QENBA, QUEUE, TRNOF

F) PARAMETERS -

AtJt MNMESS_ MNDIFC, MNDIFM, MNDIFKt MNBUDC

G) TIME REQUIRED -

MINIMUM - .024 MILLISECONDS PLUS TIME REQUIRED

FOR EXECUTION OF QUEUE

MAXIMUM - 1.62 MILLISECONDS PLUS TIME REQUIRED

FOR EXECUTION OF QUEUE
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: ENTER :
Be•gem•Bee•emit

• • LONG TO •
• REENTRY pt_RSE • .............. Xe DEG-SAVE •

• OUTPUT IN *
• • • TENP BUFFER •

• • •Cleon•leg•eel•

• • "_ES

• • • • * •YES "•

• • ERROR OCCUR • •_ eBBe

eel

• _a

• CIiX QUEUE NNNESS *

: FE_ BU.E....PRINT _ oC21X QENBA
• BUFFER * * • • *

: NO_ OUTPUT
PRINT _ • _ENBZ •

• BUFFER • •

•••••*••***•t4•••

TRNOF J ee
• MND|FC •

••.t.•••--•a•*•*

: CCNffRT LAT :AND LONG TC
• DEGREES •

• •*•••*--it••t*** ,••

*• GUEUE NNNESS •*_ C2_

4.••...•••***t.• .4•

• t
• TRNOF J •

MNDIFN *

a•*••*--******•

: ............. : .4 : ............. :
CONVERT TIRE• •BSe..X4SHOW NO ERROR:

TO FX PT e el•• •

TRNOF A

• RNBUOC
•e

e•ee••llee•e_tm•

• **•*--•*•Q•t••* t ••• _*•t**le***•••_

SAVE UPPER
0ENBZ *.; el: COREBLOCK

NO. FOR PRNTt
*• 4• • •

EXIT *
e NOPRIO

• QENBZ **

• 4.••--•...•••• •

• QUEUE MNMESS **_ G2;

• • * *
• 4•*

lZ43
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80. MYFPPR - MONITOR FOOTPRINT PREDICTOR.

SEE FLCWC_ART

INPUT

MYFPPR RECEIVES ITS INPUT VIA QTSX.

USED AS INPUT TO NOCPNI.

THIS IS THEN

CUTPUT

ObTPUT FROM MYFPPR CONSISTS OF THE OUTPUT FROM

NOCPNI.

METHOD.

MYFPPR SUPPRESSES ALL USERS OF NOCPNI. MYFPPR USES

ITS INPUT AS INPUT TO NOCPNI AND USES THE OUTPUT FROM

NOCPNI AS ITS OUTPUT. THE PROPER RETURN IS SET UP, ALL

USERS OF NOCPN[ ARE UNSUPPRESSED AND RETURN IS MADE TO

MOPRIO.

USAGE

MYFPPR IS ENTERED FROM AND EXIIS TO MOPRIO.

A) STORAGE REGUIRED - 54 LOCATIONS

B) TABLES - TMSAVE, TMBBNIt TMIMPP

C) MACROS - TRNONt TRNOF, QENBZt QENBAt UNQUEt QTSX

D) PARAMETERS - A_HtS, MNFPPRt MNCOTO, MNOURIt

MNREN2t MNAPE3_ MNTTF4, MNNAV5_ MNGMT6t

MNMUVTt MNLIFBp MNDIC9, MNCPNI

E) TIME REQUIRED - .06 MILLISECONDS PLUS TIME

REQUIRED BY UNQUEt QTSX_ AND NOCPNI.
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l..i=lt..J.o..o

i ENTE. i

•: TR_O_,:-
RNFPPR

• CZ_.oX_SEE UP PROPER_

*. • RETURN

SUPPRESS ALL*USERS OF * _SET UP OUTPUT_

• NOEPNI • • •

.* .............. • .* ........... o..

• • UNSUPPRESS •

GENEZ "• ee USERS OFNOCPN|

.•_•,o,,*..*o..* ."•....,.o.o•..;

°*°.•••••Jim.•.

*" UNQUE RNFPPR • TRNOF A _-
MNFPPR

.H'*I''°*••HI* °

! QENBA I EXIT *

• MOPRIO •

IHtt._o.moJH

I *'•*'mWe•*j•°•" . ***

• . QISX MNCPN[ •'_( CL'*

• •HoHH..,o°..* H0
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®

81. RHBRVG - PROGRAM TO COMPUTE THE RELATIVE VELOCITY

VECTOR MAGNITUDE AND RELATIVE FLIGHT PATH ANGLE.

GIVEN A ( t, r, v DEFINING THE TRAJECTORY OF A SPACE-

CRAFTy RHBRVG COMPUTES THE MAGNITUDE OF THE ASSOCIAIED

RELATIVE VELOCITY VECTOR AND THE RELATIVE FLIGHT PATH

ANGLE. IT IS A SUBROUTINE OF THE REENTRY PROGRAM TO CON-

TROL THE GENERATION OF BACKUP GUIDANCE PARAMETERS_

MYREN2. (SEE FLOWCHART).

INPUT

A) THE INPUT It,r, v ) IS IN FLOATING POINT IN A

SEVEN-LOCATION TABLE WHICH IS FORMATTED AS FOL-

LOWS -

L(INPUT) t"....

+2

÷3

÷5

*6

B) CONSTANTS -

C)

K.OMEG DEC

KRTDEG DEC

KFTSCG DEC

TIME IN GMT SECONDS

_, POSITION VECTOR IN GEMINI

LENGTH UNITS.

_, VELOCITY VECTOR IN GEMINI

VELOCITY UNITS.

ROTATIONAL VELOCITY OF THE EARTH

IN RADIANS PER GEMINI TIME UNIT

FACTOR TO CONVERT RADIANS TO

DEGREES

FLOATING POINT GEMINI VELOCITY

UNIT IN FEET/SECOND

SUBROUTINES (THESE ARE ACTUALLY B-CORE LINKAGES

TO A-CORE LIBRARY ROUTINES UISQRT AND UIASCO_

RESPECTIVELY.) -
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BBSQRT

BARSIN

B-CORE FLOATING POINT SQUARE ROOT

LIBRARY ROUTINE

B-CORE FLOATING POINT ARCSIN

LIBRARY ROUTINE

OUTPUT

THE OUTPUT IS IN FLOATING POINT IN A 2-LOCATION

TABLE AS FOLLOWS -

L (OUTPUT) IVe I

+I 3/
R

RELATIVE VELOCITY VECTOR MAGNI-

TUDE IN FEET/SECOND

RELATIVE DIGIT PATH ANGLE IN

DEGREES

METHOD

WHEN CONTROL IS RECEIVED BY RHBRVG, THE ECC IS SET

TO A CORE AND THE ICC IS SET TO B CORE. RHBRVG SETS THE

ECC TO B COREr SAVES THE CONTENTS OF INDEX REGISTERS

lt2_3_ AND 4 AND PICKS UP THE LOCATIONS OF THE INPUT AND

OUTPUT TABLES. IT THEN RESTORES THE ECC TO A CORE AND

SAVES THE LOCATIONS OF THE INPUT AND OUTPUT TABLES. THE

RELATIVE VELOCITY VECTOR IS THEN COMPUTED USING -

VR=(X+. Y _)
y+x

WHERE _ IS THE ROTATIONAL VELOCITY OF THE EARTH IN RADI-

ANS PER GEMINI TIME UNIT (SEE C4DRFT FOR A DERIVATION

OF THIS FORMULA).

THE MAGNITUDE OF THE RELATIVE VELOCITY VECTOR IS

THEN COMPUTED. THE RELATIVE FLIGHT PATH ANGLE IS COM-

PUTED USING -

1247



VOL III REAL TIME PROCESSORSPART IT - ORBIT/REENTRY

7 R = SIN

(SEE C4DRFT FOR A DERIVATION OF THIS FORMULA.)

THE RELATIVE FLIGHT PATH ANGLE IS OONVERTED TO

FLOATING POINT DEGREES AND THE RELATIVE VELOCITY VECTOR

MAGNITUDE IS CONVERTED TO FEET PER SECOND. EACH OF THE

ABOVE QUANTITIES IS STORED IN THE OUTPUT TABLEt INDEX

REGISTERS ARE RESTORED AND AN EXIT IS MADE TO THE CALLING

PROGRAM. AN ERROR RETURN IS THE RESULT OF AN ERROR CON-

DITION UPON RETURN FROM BBSQRT OR BARSIN.

USAGE

A)

B)

C)

THE CALLING SEQUENCE IS AS FOLLOWS -

TSX RHBRVG,4

PZE L(INPUT)ttL(DUIPUT)

ERROR RETURN

NORMAL RETURN

STORAGE REQUIRED -

A-CORE 6 LOCATIONS

B-CORE 72 LOCATIONS

TIMING -

1.135 MILLISECONDS INCLUDES SQUARE ROOT AND

ARCSINE LIBRARY ROUTINES.
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: ENTER :
• FROM Oe% •

: INITIALIZE-SAVE XRIS :

1,2,3,%. 2°S*
*COMP LIINPUFII

: INTO XRI 2'S*

CONP i: LIOUTPUT)
INTO XR2

H*Hm*I*mHII*

:'C'_'T'E'_'T'_ *2
: AT RIGHT : r2= x2 + y2

eeeta,**weteo*:

"BBSQRTCOMPUTE•

.* DATA AT RIGHT • 1_1= rC_-

* * RHBER

* *YES •-**

* • IS THERE AN * *_- C3••
ERROR I250•

* ****

_o

*•••***°..•.***

: COMPUTE DATAw _'R _k + Y_I: ATmGHT• _,_,,
: ............. i

**•*l**•***•**°

*COMPUTE DATA*

:AT RIGHT : v_= _+yR+ZR2....

• BBS_RT COMPUTE* l_/v_
,•DATA AT RIGHT • I VR

q_

• * * • RHUER

• ,Y_S:***.
• IS THERE AN •X C3 •

ERROR * 1250•
• . •...

• _o 1****
.......... X° BO *
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•••°.****.*.**•

:**• :COMPUTE DATA: _ _R=X_R+,y._R+ZZR__
• B0 ..X• AT RIGHT • '

:..• :
•..HIlm*HHO*

*•*.**••.°•*.•*

• COMPUTE DATA •

** AT RIGHT _ SINy R r . v R

!............. i

l
*,,H*°°tHH*,

• COMPUTE DATA •° y R SIN-l( r " Vli )
^T.I_,,T .A.SIN . _V:T-

*. •*

o RHfiER

• " .Y_S --- :.............: "'"
• • • • ° RESTQRE XR_ • • °

IS THERE AN • ........ °C) ..XICIXR_)el [NTD°..,W She

ERRUR ° • • XR4 _ ..•
.a• _..**°.*****...

COMPUTE I)AT_ K 2 Y2 INTO 1,2

_°°°,•*t•*°*.•_

:...x.RESTO.E:
xR_

_*.°•*•**•.°°*_

* H

.B_:..x:RESrU_EXR'S:
• * * 1,2,3

H _.•*meH*oH.*,

EXIT
TO 3,_

•.HH.HHH**
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82. GINTAB - SUBROUTINE TO DETERMINE INTEGRATION TABLE

WITH T_E REGUIREMENT TO PROVIDE AN ORBIT EPHEMERIS

REFLECTING THE S/CoS MANEUVER CAPABILITY, A METHOD IS

NEEDED TO DETERMINE INTEGRATION TABLE AS A FUNCTION OF

TIME. THE EPHEMERIS IS A SERIES OF TABLES, FREE FLIGHT,

THRUST, FREE FLIGHT, ETC. THROUGH INTERROGATION OF THE

MANEUVER TABLE IN CONJUNCTION WITH IHE [NPUT GMT, IT IS

POSSIBLE TO DETERMINE THE PROPER INTEGRATION TABLE FOR

THE ASSCCIATED INPUT TIME. (SEE FLOWCHART).

INPUT

A) THE AC CONTAINS THE INPUT TIME -

I. S(AC) = +, TIME IS IN THIS FORMAT -

A(FIXED GMT MINUTES),,D(FIXED GMT

SECONDS)

2. SIAC) = -, TIME IS IN FIXED GMT SECONDS.

B) TMANUV - S/C MANEUVER TABLE

C) TPCIAC - TABLE OF INTEGRATION TABLE ADDRESSES

D) MCMANC - NUMBER OF MANEUVERS IN TMANUV

E) MCESAB - CELL CCNTAINING FIRST EVEN SECOND AFTER

RETROFIRE BURNOUT.

F) MCPHSE - CELL INDICATING MISSION PHASE

G) MCCSIP - NZ INDICATES 050RMC IS IN PROCESS

CUTPUT

THE ADCRESS OF THE AC CONTAINS THE ADDRESS OF THE

DESIRED INTEGRATION TABLE -

I. S(AC) = ÷, FREE FLIGHT TABLE INDICATED

2. S(AC) = -, THRUST TABLE INDICATED
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METHOD

UPCN PROGRAM ENTRY, THE INPUT TIME IS CONVERTED TO

FIXED GMT SECONCS IF NOT ALREADY SO. MCESAB IS EXAMINED

TO SEE IF A REENTRY TABLE IS DESIRED. IF SO, TNINT2

(REENTRY) OR TCRK02 (HIGH ABORT) IS INDICATED. OTHERWISE,

THE TIMES IN THE MANEUVER TABLE ARE COMPARED TO THE INPUT

TIME UNTIL A SUITABLE TABLE IS FOUND. AT THIS TIME THE

BASE TAeLE ADDRESS FROM TPDIAC IS PLACED IN THE AC WITH

THE REQUIRED SIGN.

USAGE

A) CALLING SEQUENCE -

ALPHA TSX GINTAB,4

ALPHA+I TRA NORMAL RETURN

B) ERROR CCNCITIONS - NO ERROR RETURN IS REQUIRED.

C) CELLS -

COMMON

*2

D) COMMUNICATION CELLS -

MCESAB

MCPHSE

NCOSIP

E) TABLES -

TMANUV

TPDIAC

TCRK02

TNINT2
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F) CONSTANTS -

KDO060

G) STORAGE REQUIRED -

45 LOCATICNS
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••*H.••*••****

i ENTER :
GINTAB

e***aH*e•tH**

:*,,•o'•****,-:

• SAVF XRS
L,2,3,_ :

• • *YES•Is,.....,._.
• IN SEC. S(ACI * ........

= MINUS •

CONVERT TIME•TO FX GMT •

SECS •

:X .................

." . .''', :.............:

• WANTED ti GT = ............ X PHASE MCPHSE • .............. Xe AITNINT2) :
• RCESAB • • • eNZ • INTO A(AC)

• :•H••*Het*H•

:•°°,•''•'•*•*:

• INIT C_UNTERS"

"XWI, xR2, XR3•

:••••••,•••-o.:

AI TCRKO?} Xo

INIU AIAC)

_.*°.O,H*H*•*

• • "YES

°°•• • ALL _ANUV "

"BbIX EXAMINED • .......................

C(XR)) = TO •
°° ° OR LT O •

• °
.NO

, tj GT

GNTPSIN) •

_'Es

LL] LLJ

..............: .. :.............:
:AODR N th FREE• " • •

• .............. x* FLIGHT IABLE• ........... •DT•..X* RESIDRE XR'S_

• INIU AIAC) • • • • |,2,3,_ :

. •

• .NO

• 15 q 6T

GI4TPC IN) °
°

: ........ t%'"':
• ADDR N

• .............. x• THRUST [XOLEt
INTO AIAC) •

: EXIT

• IRA 1.4
•eet•H*.•**,*.

:,••°°,H••°,,: •••

• PDAIF ° •

• COUNTERS XRI.-...X B6:

XR2. XR3 ° *

:.............: ,-,

LLJ

............. : ...
*SET 5(ACI -IU•
• INO THRUST •..._ Or:

: TABLE : •••.
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83. GEMWGT - ORelT WEIGHT SUBROUTINE

TC PROVIDE THE SIC ORBIT WEIGHT FOR ANY GIVEN GMT,

SUBROUTINE GEMWGT IS USED. THIS WEIGHT IS COMPUTED AS A

FUNCTION OF TIME AND THE PLANNED SIC MANEUVERS. AS SUCH,

INPUT TIMES ASSUMING NOMINAL MANEUVER COMPLETION WILL

YIELD THE S/C WEIGHT REFLECTING WEIGHT LOSS DUE TO

THRUSTER FIRING. (SEE FLOWCHART.)

INPUT

A) THE AC SHOULD CONTAIN THE GMT, IN FIXED PDINT

SECONDS, FOR WHICH THE S/C WEIGHT IS DESIRED.

B) TMANUV - SIC MANEUVER TABLE.

C) TOSCCH - S/C CHARACTERISTICS TABLE.

D) MCMANC - CONTAINS NUMBER OF MANEUVERS IN TMANUV

E) MCCWGT - CDNTAINS PRESENT SIC ORBIT WEIGHT

OUTPUT

THE AC CONTAINS THE REQUESTED S/C ORBIT WEIGHT IN

FLOATING POINT PCUNDS.

METHGD

AFTER SAVING THE INPUT TIME, A SEARCH OF THE MANEU-

VER TABLE {TMANUV) IS BEGUN. FOR EVERY MANEUVER COM-

PLETED, BASED ON THE INPUT GMT, THE WEIGHT LOSS DUE TO

THRUST IS CCMPUTED. THE WEIGHT LOSSES ARE THEN SUMMED AND

SUBTRACTEC FROM THE PRESENT SIC ORBIT WEIGHT, YIELDING

THE DESIRED WEIGHT.

AN INPUT TIME COINCIDENT WITH AN ORBITAL MANEUVER

WILL YIELD THE PRE-MANEUVER S/C WEIGHT.
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USAGE

A) CALLING SEQUENCE-

ALPHA TSX GEMWGT,4

ALP_A+I TRA NORMAL RETURN

B) ERROR CCNCITIONS - NO, ERROR RETURN IS REQUIRED.

C) CELLS -

COMPCN

÷I

+2

÷3

D) COMMUNICATION CELLS -

MCMANC

MCOWGT

MCSUBR

E) TABLES -

TMANUV

TOSCCF

F) CONSTANTS -

K77777

KCH233

KO02.0

G) STORAGE RECUIRED - 32 LOCATIONS.
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: ENTER :
• GENWGT

Jt**l*oo*e*ieIQ

• SAVE XRS
ll213pR

: INPUT TIME :

• INT0 COMMON •

: INITIALIZE :

XR], XR2 •

_l*****•Hmet•_

• RESET WEIGHT*

• LOSS CELL 0 •

:INTO C1GNMON ÷:

H•HI•H••.*eO

o

WLA *

• • • •NO

• BS•X IS MANUV. - .......................

- l • COUNT GT 0 •

"_ES

• WLB

• • " "NO : ............. :

• *SUBTRACT CUMP•
IS INPUT TIME e • .............. XeWGT LOSS FRO_•

GI GMTPC IN) • • PRES ORBIT l

• WGT INTO (ACT •

• • ••Heee*..*=.**

_ES

WLI

• COMPUTE * _•'e•*'*••*••':

•* WEIGHTFoR THIsLOSS .• _ RESTORE XRS -

•MANEUVER INTO• • 1,2,3t_ *

• COMMON+I • _••••••.•••..•.

WLA

: ............. : ...

i AOJUST XRS *
FOR NEXT :o.oX BS:

MANEUVER

:.............: -..

* *oYES •..•o*•...o•**.

• " IS MCSUBR=O • ............ X_ TIA EXIT *

• . .... _;_ ....... •

_o

: EXIT :

• TIB 1.6 •
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84. GLINTS - VECTOR LINEAR INTERPOLATION SUBROUTINE

GLINTS USES A LINEAR INTERPOLAIION TO OBTAIN A VEC-

TOR AT THE REQUESTED INPUT TIME. {SEE FLOWCHART.)

INPUT

A)

B)

THE SECOND WORD OF THE CALLING SEQUENCE CONTAINS

THE FOLLOWING INFORMATION -

I. PREFIX - l÷) BOTH R AND V ARE WANTED.

- (-) ONLY R IS WANTED.

2. DECREMENT - ADDRESS OF 3- OR 6-LOCATION OUT-

PUT BLOCK.

3. ADDRESS - LOCATION OF INTEGRATION TABLE.

THE INPUT TIME, IN FIXED GMT SECONDSy OCCUPIES

THE THIRD WORD OF THE CALLING SEQUENCE.

CUTPLT

EITHER AN R OR AN R AND V

OUTPUT _x_

+2 RzJ

IS THE ROUTINE OUTPUT.

NTERPOLATED COMPONENTS OF R

÷4 "Vy_INT

.,,I IF

+5 VzJ

ERPOLATED COMPONENTS OF V,

REQUIRED.
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METHCD

A LINEAR INTERPOLATION TECHNIQUE IS USED -

< t < to;I) tc__ 1 --

WHERE

t_ = VECTCR TIME (I)

ti = RECUEST TIME

t_ = VECTCR TIME (2)

2) Ai =tco- ta

h

3)
Cj = C_. +_ i (Coo - C a) j = 1,6

J J J

_HERE

Cj = INTERPOLATED VECTOR COMPONENTS

4) h IS PRESETNTLY EQUAL TO 8 SECONDS.

5) THE INTEGRATION TABLE IS ASSUMED TO CONTAIN A

SERIES CF (R AND V)'S.

USAGE

A) CALLING SEQUENCE -

ALPHA

ALPHA + 1

ALPHA ÷ 2

ALPHA + 3

TSX GLINTSt4

PZE A(OUTPUT)_tD(INTEGo TAB.)

PZE (INPUT TIME)

TRA NORMAL RETURN
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B) ERROR CCNDITIDNS - SINCE IT IS ASSUMED THAT THE

INPUT TIME LIES WITHIN THE LIMITS OF THE SPECI-

FIED INTEGRATION TABLEt NO ERROR RETURN IS INDI-

CATED,

C) CELLS -

COMMON

+I

+2

+3

D) CONSTANTS -

KOCO08

KO0004

KCH233

K0.[25

KOOC06

E) STCRAGE REQUIRED - 44 LOCATIONS
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: ENTE. :
• GLINTS •

e,oiQatemel•e.e

SAVE IRk• *

IXRS, XR6, XRTm

:"C_A;:'_;_E':
i TABLEAO0 "OF VECTORS

NEEDED FOR

• INTERP, *

* CALCULATE *
*[NTERPOL&IIONe
• MULTIPLYING •
• FACTOR •
oegeeeoQe* • ooea

• • •YES

• • ARE BOTH R * * ........

ANO V WANTED •

_o

SET XR6

o

°

:x .................

i

*COMP. VEC° AI_

*DESIRED INPUT•

_ T _ STORE IN*
OUTPUT LUC *

: RESTORE XRS :

e•e•.•Q•Qee.e,Q

: T.A Ex.
eeeeaoemee_ouoe

t2bL
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85. NYTABU - MANEUVER TABLE CONTROL PROCESSOR

ORBITAL SIC MANEUVERS ARE ENTERED INTO OR DELETED

FROM THE MANEUVER TABLE (TMANUV) UNDER THE PROGRAM CON-

TROL OF MYTABU. AS INDICATED BY THE UNQUEUE WORDt A

MANEUVER WILL BE CHRONOLOGICALLY ORDERED IN THE TABLEt

COMPLETELY REMOVED FROM'!IT OR REPLACED BY A NEW SET OF

DEFINING PARAMETERS. THESE PARAMETERS ARE PRESENTLY SIX

IN NUMBER -

1) TIME OF PROPULSION SETTING (GMTPS)

2) TIME OF PROPULSION COMPLETION {GMTPC)

3) DELTA TIME OF THRUST

4) THRUSTER INDICATOB

5) SIC PITCH

6) S/C YAW

WITH THE COMPLETION OF A PROPOSED MANEUVERt SPACE-

CRAFT WEIGHT IS RECOMPUTED AS A FUNCTION OF MASS LOSS DUE

TO FUEL EXPENDITURE, IN ADDITIONt MANEUVER TIMES_ FOR

USE IN DATA EDITINGt ARE ADJUSTED TO REFLECT THE LATEST

CHANGE.

INPUT

MYTABU QUEUED BY MYMINS MYOURI AND MFMNL4o

THE QUEUE WORD INDICATES THE UPDATE

TYPE -

[) Z = AUTOMATIC DELETION OF A MANEU-

VER

2) -NZ = MANUAL DELETION OF A MANEUVER

3) +NZ = MANUAL INSERTION OF A MANEUVER

4) -Z = AUTOMATIC CATCH-UP DELETION OF

A MANEUVER
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MANUAL TYPE UPDATES CONTAIN THE MANEUVER GMTPS IN

THE QUEUE WCRD.

A) TABLES

TMZCOT

B)

IOMANI TABLE CONTAINING MANEUVER QUANTI-

TIES

TMANUV CCNTAINS S/C MANEUVER DATA

TMREFL CCNTAINS MANEUVER REFLECTING VECTORS

COMMUNICATION CELLS -

MCMANC CONTAINS CURRENT MANEUVER COUNT

MCCMIP _NZ = MANEUVER IN PROGRESS, Z = FREE

FLIGHT

MaHFSC CCNTAINS CURRENT GMT HALF-SECOND COUNT

OUTPUT

A} TABLES -

TMANUV UPDATED MANEUVER TABLE

TMORTN TABLE OF MANEUVER TIMES FOR DATA EDITING

TMCCDP PARAMETERS OF LAST 2 EXECUTED S/C MANEU-

VERS

TMCODW WEIGHT ASSOCIATED WITH LAST 2 EXECUTED

S/C MANEUVERS

TMMATU INPUT VECTOR TO INITIATE BASIC ORBIT

CYCLE

TMREST TABLE OF PARAMETERS FOR RESTART PROGRAM

TPTABU PRINT TABLE USED FOR ERROR MESSAGES

B) COMMUNICATION CELLS -

MCMANC UPDATED MANEUVER COUNT

MCCWGT RECOMPUTED S/C WEIGHT

MCMTPQ MANEUVER TABLE PRINT-OUT INFORMATION

IN ACDITION MYTABU PROVIDES QUEUES FOR MYROURI AND

MYMESS.
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METHOD

THE INITIAL STEP IS TO INTERPOLATE FOR A FREE FLIGHT

VECTOR AT PRESENT TIME USING UTINTP. A CHECK IS THEN UN-

DERTAKEN TO DETERMINE IF THE INTERPOLATED VECTOR HAS BEEN

OBTAINED FROM A REVOLUTION OTHER THAN THAT ASSOCIATED

WITH THE PRESENT ORBIT DEFINING VECTOR. THE SUBCAPSULE

LONGITUDES GF THE VECTORS ARE COMPARED ANDt IF NECESSARYy

THE REVOLUTION NUMBER IS UPDATED. THIS VECTOR INFORMATION

IS REQUIRED AS INPUT TO NYOURI.

TC ASCERTAIN THE TYPE OF TABLE UPDATEt THE UNQUEUE

WORD IS EXAMINEOt AND ONE OF THE FOLLOWING FOUR CHOICES

IS POSSIBLE -

I) REQUESTED MANEUVER INSERTIGN - THE DEFINING PA-

RAMETERS ARE PLACED IN TMANUV IN CHRONOLOGICAL

ORDERt AND IF NECESSARY, THE OTHER MANEUVERS ARE

REPOSITIONED. AN INSERTED GMTPS IDENTICAL TO A

TMANUV ENTRY WILL CAUSE THE NEW PARAMETERS TO

BE OVERLAID OVER THE OLD ONES.

2) REGUESTED MANEUVER DELETION - THE MANEUVER COR-

RESPONDING TO THE INSERTED GMTPS WILL BE REMOVED

FROM TMANUV. IF NEEDED, REPOSITIONING IS EXE-

CUTED AND THE MANEUVER COUNT IS DECREMENTED-

3) TIME GENERATED DELETION - MANEUVER I OF TMANUV

IS DELETED AS PRESENT TIME EXCEEDS THE GMTPC.

OUE TO FUEL EXPULSION, S/C WEIGHT LOSS IS DE-

DUCTED FROM PRESENT S/C WEIGHT TO PRODUCE A NEW

ORBITAL WEIGHT. AN ON-LINE MESSAGE REPORTS THIS

ACTION.
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CATCH-UP DELETION - THIS OPTION IS EXERCISED IN

CONNECTION WITH SYSTEM RESTARTS. MANEUVERS LESS

THAN THE RESTART GMT ARE EXECUTED (REFLECTED

INTO THE CRBIT) AND THEN DROPPED FROM THE TABLE•

TABLES TMCOCPt TMCODW AND TMORTN ARE UPDATED tIN

EVENT CF A TIME-GENERATED OR CATCH-UP DELETION.

THE CONTENTS CF TMANUV ARE PRINTED ON LINE TO PRO-

VIDE VISUAL VERIFICATION OF EXECUTED UPDATES• AND FI-

NALLY, MYCURI IS QUEUED TO INITIATE THE BASIC ORBIT

CYCLEr WPEREUPON AN EXIT TO MOPRIO IS TAKEN•

MESSAGE ERROR CODES FOR MYTABU ARE AS FCLLOWS -

A) I0 A3MSCP ERROR

B) 60 UTI_IP ERROR

C) 70 TMANUV SET-UP ERROR

TMANUV

÷I

+2

+3

+4

+5

÷49

TMANUV FORMAT

GMTPS (I) FIXED GMT SECONDS

GMTPC (I) FIXED GMT SECONDS

A {DELTA TIME),, D {THRUSTER IND.)

S/C PITCH FLOATING PT. RADIANS

S/C YAW FLOATING PT. RADIANS

GMTPS {2)

PRESENTLY TMANUV IS A 50-LOCATION TABLE_ PERMITTING

A MAXIMUM OF IO MANEUVERS TO OCCUPY T_E TABLE AT ANY

GNE TIME.
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TMORTN FORMAT

TMORTN

÷I

+2

GMTPC OF LAST EXECUTED MANEUVER

GMTPS OF NEXT EXPECTED MANEUVER

GMTPC OF NEXT EXPECTED MANEUVER

USAGE

MYTABU ENTERS FROM AND EXITS TO MOPRIO.

A) TABLES -

TMANUV

TMZOOT

TMORTN

TMREFL

TMREST

TPTABU

TMMATU

TMCCDP

TMCODW

B) CCNSTANTS -

KOCO01

KOCOO5

KLCAPE

KMDISK

C) COMMUNICATION CELLS -

MCMANC

MCHFSC

MCOWGT

MCMTP_

MCOMIP
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D) SUBROUTINES -

U?INTP

A3NSCP

GEMWGT

GINTAB

E) PARAMETERS -

A

K

MNTABU

MNCUR!

MNMESS

F) MACROS -

TRNCN

TRNOF

_ENBZ

_ENBA

UNGUE

GUEUE

G) STCRAGE REGUIRED - 220 LOCATIONS

I267
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• • SSEXX

....H•etIH•t• • .•'• • • *YES. •••••

• ENTER • -BO•X IS TI_ERE AN -x BO •
• MYTABU • • • ERROR • 12T0•

: _o*

.• • •• TSX A3RSCP _ •l

TRRCN A • OF PRES
RNTABU • • VECTOR •

IgltlltoilliltOi ° OOlltUmlltOttlll t

• SSEX2

l'lltlllllllllltl ! • " •YES •o•*

• " CENBL • • IS THERE AN • •_ CO'•

• • o ERROR • 1270.

°..',t•t..ttt,.*" " • • ° "•••

_o

• •..t•tt.t,t.... _...**........_

• • • SETUP A3MSCP•

• UNQUE MNTABU • • C&LLING
SEQUENCE• SSABC

. ," : ............. :
eHHmH°..°,..

SSAD
illlllltllllltl tllillltttttlll

• "" "" TSX A3MSCP _ ".

• • QENBA • OF PREV •
• VECTOR =

°••.Hj,mH°,,., "•
°•..tttHeH•H

• SSARI • SSEX2

• °YES t.oe • • • .YES .•.•

• CAIC_ UP • •
• DELETICN • •_ CO • IS TMERE AN • •_ CO •

SSABO=-0 • 126g• ERROR • 1270.

• • , •,,, • • . •H.

i
SSAE • SSAG

• "HtHH•e'eHtO • • •NO •'"

°A6"X TSX GINTAE • IS _xPREV. tT •_ Dg_
• • . CAPE • •

• • •eHH,HHH,••" • H,

• * _ES

SSAF

. • " " " :.............: .... " " .NO :.............; ....
_ANEUVER ,Y_S • REDUCE INPUT• • " " "'• •

TABLE INC. • .............. X, TIRE BY ONE O..oX A6, IS _ PRES. LE • • ........ _DT,..X_ INCR. REV. _...X A• •

• SIAC)=- ° SECOND • • X CAPE • NO. BY I • 1269°

. • : ............. : ...... ; ............. : ....

_C . ;ES

_t,.,t.*,,,.°°_

• SET-UP U71NTP,
• CALLING °

• SECUE_CE •

SSAB
ttt.,t,,.teH..

" "t ,.t

• TSX UIINTP oX B0t
• , ° t

.•°,.,.,t.°°t.,

INIERP(_LATION
FUR VECIOR

• • • tNO

ZS _ PRkS. lT

• A PREV. •

t

• SS4G

" ,YES _''''*''''*'''_

• H t,..

IS X PK[_ Dl " • ........ ,09_..X_ USE PRESENT _..._ AO',

bo t REV. NO. • I26_.

.......... x. Of•

lit
SSAF
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• • SSAM[

7% *" cs T:ME -V_S ... : ............. :
IAO • GENERATE0 •.. ....................................... •CO• .X,UPDATE TMCODW ml
• • • DELETICN. •
*•. • SSABO=.eO • *•* • .*

t i tel•little•eel I

• NO

SSAM X

• •YES
MANUAL • •*•'• •• ••

DELETICN *x C9, TSX GEMWGT *
• SSAB0=-NZ • * • ,

COMPUTE

POSTMANEUVER

SIC WEIGHT

SSAL

: ............. : : ............. :

i MCMANC INTCXR3 O into *UPOATE WEIGHT_

XR2 * CELLS *

.............. : : ............. :

SSALA e •

• e • mNO

:A3lx * *IS xR3 GT O • ........

• • _ES

°

; -
• • .SSALB SSALA

• • •••,••*•HH*•*

eYES •tAD JUST • •ee
• • XRS TO t • •

• IS GT • .............. X* TEST NEXT •...X A3•
GMTPS(NI • • MANEUVER • * *

• ;'.c

• * :SSAL0 •••lu,••••••**SSALT.i

• •NO• _ INSERT NEW • •• .e•,•

• IS LT • .............. le PABAMETER$ I*•.l A2
GMTPSIN) •OVER I]LD ONES• 1270•

• IN TABLE * •••-
• .••H..•••.••.•

• _ES

:x .................

SSALG

:CEMEUTETAeLE:
; INOEXING :PARAMETER

SSALH

SSALK

_*,•-oo,,*•••*;

:UPDAIE TMCUDP*

QENBZ _•

*•*H*•H••Hm•j•

**•°*•.•.••*oo°

• QUEUE MNMESS ,

SSMES

• • _ENBA •*

•***•**•oo•,•,,

• • • * SSAMA

• " •NG • ° ° °NO

• UPDATE *
15 XR3 GT O • • ........ " I_MDRTN. • ........ •

• * MCOMIP=* . •

• _Es " ;Es

PRINT OUT

UPDATED S/C

HEIGHT

°

• SSEX3

*,_u •°a*
i e

• DOeX IS XR3 GI O *x D0 •

* * * 127U*
.. • **°.

• .

* YES

A
S_EX3

• *YeS *_°°

IS LT " *_ U0**

GMTPS(N) 1210*
• .**•

NO

:.............: :.............:
• RE-POSITICN • *

ENTRIES iN : *GMTPCI-I INTO_
IMaNbV • TMDRTN÷2 •

:.............: :.............:

:x................. :x.................

SSALT SSAM X SSAMB
"*,•.H,H.Hee tHH,.,*HH•I He•*....**•H•

INSERT NEW _ INCR. _ _**'* **'* _ MCMANC INTU " "**
CEFINING l ................. X_ MANEUVER ,...X A2 * .Cg*..x*

PARAMETERS • • CCUNT BY ] • 1270" • • • XR3x_21NTO :*.._ Db_

:.............: :.............: ...... :.............: .-.

• SSAME

"_U o°,*.

• * IS GT ° ,_ A0 • •

GMTPS(N) 12101
• .•.*

.

YES

SSAM

ADJ. XRS l• • * *TEST NEXT ,...X C_i

MANEUVER



SSAME

• • _DROP NTH TABk_
oAO ..X • ENTRYt PCVE •
• • •OTHER ENTRIES•

• *l * UP IN T_A_UV•
HiI,I•I•,HQ••

CECREPEhT •
_ANEUVER •

CCbNt BY CNE.

VDL Ill REAL TIME PROCESSORS PART II - ORBIT/REENTRY

SSEXI SSEX2

... :.............: .., :.............:

:B0"ooX:ERROR CODE 60: .......... :CO',*X:ERROR CODE IO:

• * • INTO XR7 • * • • • INTO XR7 •

SSEX3

:DO•..X:ERRDR CODE ?O:

• • • INTO XR7 e¢,

SSEXZ

• PLACE CIXRTI•

• INTO TPIABU*I•

SSAtT • • • •

_.., • . .N_
• A2 • UPOATE TPORTN • ........

• • • HCONIP-_ •

• _ES

A
t•••.•un•••m••l

•GMTPSIINTO

• T MORTN_I •

_GMTPCiINTO

TMORT_ + 2

_X .................

• • QENBZ •

i
••Hm•H*••Hmg

• •• QUEUE MhPESS ••

SS_Qb ••
•••,,*•.H•HH•

ERROR MESSAGE

PRINT OUT
TRANUV

SETUP RETURN•

• ADDRESS •

•••••••••.••--°•

• _ QENBZ .*

••••••.•°••..••

• • QUEUE MNNESS •

SSERR

• _ QEN_A

• •YES

• CATCH UP "
OELETIGN • ........

• SSABO=-O •

ic

SSAES

• " QUEUE MhDURZ •

SSA_V

• l_etlH•o•l•l•o I

_x .................

ssazs i

HalaH_Ha•IH

TRNO_ K _m
PNTABU

SSAI

• • "NO w.•

• RETURN TO •
• PROD. ._ ae_

C(XRTI-TD OR • •

• LT 50 • "-•

_ES

: EXIT :

• TRA le4 •

SSAI

:Ag:X" TRNDF A " ............... ROPR_IT i
• • • _NTABU • • leii_•_eeoo••ee
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86. VOPANV - PRCPULSIONS PANEL COMPUTATIONS

VOMANV CCMPUTES THE PARAMETERS NECESSARY TO PERFORM

PRESCRIBED CRBITAL SPACECRAFT MANEUVERS. GIVEN THE TIME

OF THE MANEUVER AND THE TYPE OF MANEUVER, VOMANV COM-

PUTES THE PITCH, YAW, DURATION OF BURN AND VELOCITY IM-

PULSE NECESSARY TG PERFORM A MANEUVER. AT THE PRESENT

TIME VOMANV CAN PERFORM ANY ONE OF THE FOLLOWING MANEU-

VERS -

A)

B)

C)

A CHANGE IN THE ORBITAL PLANE

RAISING AND/OR LOWERING EITHER APOGEE OR PERIGEE

CIRCULARIZING THE ORBIT OF THE SPACE CAPSULE.

(SEE FLCWCHART.)

INPUT

A) SUBROUTINES -

U3VMAG UISICO

U3VPRO UIASCO

UISQRT U3DGTP

UIATAB

B) PRCGRAMS -

YYMUV7

GEMWGT

MPCPNI

C) TABLE -

A 4-LOCATION TABLE (TIPROP) CONTAINING IN THIS

CRDER, GMTM,_H (OR S-THE kEDGE ANGLE), THRUSTER

INDICATCR, AND THE TYPE OF MANUEVER REQUESTED

(O-APOGEE KICK, I-CIRCULARIZATION, 2-PLANE

CHANGE). A 6-LOCATION TABLE CONTAINING THE PO-

SITICN VECTOR R AND THE VELOCITY VECTOR V AT
0
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D)

GMTM

CCNSTANTS -

TOSCCH TOSCCH+6

TOSCCH÷I TOSCCH+T

TOSCCH+2 KOOO60

TOSCCH÷3 KO0001

KO02.0 KOO.Pl

KOOL.O KCFTSC

KOCO03 KO04.0

KOCU02 KACCDG

KCCO04 KCH233

CUTPUT

A TABLE CONTAINING THE FOLLOWING VALUES -

VELOCITY IMPULSE (.AV) - NECESSARY TC PERFORM THE

MANEUVER (FT/SEC)

PITCH - FLCATING POINT RADIANS

YAW - FLOATING POINT RAOIANS

GMTPI - GREENWICH TIME TO INITIATE PROPULSION

(FIXED SECONDS)

TOTAL LENGTH OF THRUST PERIOD (_T) - (FIXED

SECONDS}

METHDD

EACF OF THE POSSIBLE TYPES OF MANEUVERS ARE DIS-

CUSSE_ SEPARATELY.

A) ADJbSTMENT CF PERIGEE CR APQGEE

TO ADJUST PERIGEE OR APOGEE HEIGHT (MEMORANDUM

FOR RECCRCt SERIAL #gOt FILE 14.0/12.?, IIAD-

JUSTING PERIGEE HEIGHT'') TFE DIRECTION OF THE

IMPULSE IS SPECIFIED AND THE S{)LUTION USED Bk

FCR MAGNITUDE ONLY. ASSUME THAT IT IS REQUESTED
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A

WFERE

WHERE

TO RAISE PERIGEE BYAH. CONSIDER THE INPUTTED

POSITICIX VECTOR R o AND THE VELOCITY VECTOR V o.

COMPUTE
2 + 2 1/2I%1 =(Xo2 +% Zo)

• 2 + _2 1/2I vol =(k + Yo o )

Ao = _/(2/l% I -IVol 2)

A : SEMIMAJOR AXIS

/ 2 i I i/2vK : il %1 Ao + AH/

VK : FIRSTGUESSOFTHEVELOCITYREQUIREDTO
RAISEPERIGEEBYAH.

,,v_: = Ivy: I- lVol

TPE VELOCITY IMPULSE AV K IS AEEED TANGENTIALLY TO

V 0 -

X; = XO (1 + ArK/Iv01)

y_ = %(1 + AVK/IVoI)

Z_) = Z 0 (1 + AVK/IVoI)

USING THE INPUTTED R 0 AND V O, INTEGRATE TO PERIGEE

USING PleASE ANGLE LEGIC AND COMPUTE

2 2 )1/2IRpl = (X 2 + Yp + Up
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1 AS THE
NEXT, INTEGRATE TO PERIGEE USING R0 AND V 0

VECTOR. COMPUTE

,2 ,2 i/2I_I--(x,_+_ _z_)

B)

_Rp = IR_I IRpl
TESTTCSEEWHETHERCONVERGENCEHAS.EENOB

TAINEDEY CCMPARING ARp WITH AH. IF CONVERGENCE

IS NOT CBTAINED CCMPUTE A NEW ESTIMATE OF VELO-

CITY AV O.

C
C = ARp/AV K

WHERE s

CS = SENSITIVITY COEFFICIENT.

AH
AV0 - C

S

APPLY AV 0 TO THE CRIGINAL APOGEE ANO VELOCITY

VECTOR _S BEFORE. REPEAT THE A6E]VE STEPS UNTIL

CCNVERGENCE HAS BEEN OBTAINED (ITERATICN LIMIT

CF 4).

CIRCULARIZING THE ORBIT OF THE CAPSULE

TC CIRCULARIZE (MEMCRANI)U_ FCR RECCRO, SERIAL

97, FILE 14.0112.7, ''CIRCULARLZATIG_I'') ANY-

WHERE ThE CRRIT OF THE SPACE CAPSULE CGNSIDER

THE PCSITICN VECTCR RA ANC A VELOCITY VECTCR VA

AT THAT PEI'_T. AS A FIi<SI GtJESS OF TH_ REQUIRED

VELOCITY, A KEPLERIAN SOLLIICN IS CH@SFN. COM-

PUTL A kF_ CGCRUINATE SYST_ -

H = R A x V A

G -
H x R A

IHXRAI
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hhERE

G

V .

clr

V o

IVol

: THE DIRECTION Ct]SINES

= (1/LRA I)I/_

:I<

: (Vci r) (G)

2 2 )1/2= (X20 + Y0 + Z0

USING ThE INPUTTED POSITION VECTOR RA AND THE

COMPUTEC VELOCITY VECT{.}R VO, INTEGRATE FOR ONE

HALF A PERIOD (180 DEGREES} USING PHASE ANGLE

LOGIC AKD COMPUTE

2 _2,1/2
IRpI = (X_ + Yp + /,p,

= IRAI - I%1

FOR A CIRCULAR _RBIT, IRpl WILL EQUAL IRA I.

HC_WEVER, CUE TG L)RAG AI',IDOH.LATENESS {.IF THE EARTH

THE FIRST GUESS OF THE Ct3MPUTED VELOCITY VECTOR

_ILL net _E AccuRATE E.n_UGF. ThE FCLLOWING EX-

PRESSlCN GIVES A GOOD APPROXIMATION OF THE VELO-

CITY recto..E_OIREDT_CI.CL;LAR,Z__-

_ 2 i R:) I/2
IVK I : IRA[ IRAI +

ARp

A V K =
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C}

AS WITH RAISING PERIGEE AT APOGEE, THE VELOCITY

IMPULSE _V K IS ADDED TANGENTIALLY TO V O. THE

REMAINDER OF THE COMPUTATICNS ARE IDENTICAL WITH

THCSE USEE IN ADJUSTING PERIGEE OR APOGEE

HEIGHT.

CHANGE IN THE ORBITAL PLANE

A CHANGE IN ORBITAL PLANE {MEMORANDUM FOR RE-

CORD, SERIAL 89, FILE 14.0/12.7, ''PLANE

CHANGE'') IS PERFORMED WHILE MAINTAINING THE

SAME VELOCITY MAGNITUDE AND FLIGHT PATH ANGLE.

CONSIDER A POSITION VECTOR R 0 AND A VELOCITY

VECTOR V 0 IT IS DESIRED TO CHANGE THE ORBITAL

PLANE BY c RADIANS {THE WEDGE ANGLE}. COMPUTE

2 + Z_)1/2IR01 = (X_ + Y0

"2 "2 1/2IVol = (k + Yo + Zo)

R 0 • V 0

: sI_l l%I IVol

a

WHERE

= flight path angle

a = 1/2 (180 ° - 6)

vI = 2 I%1s_N(6/2)
REDEFIhE THE SPACE CAPSULE COORDINATE SYSTEM.

F = R
0

I_ = RoXV 0

G = HxR 0

LET -
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LET THE CIRECTICh COSINES OF -

F = FAy FBy FC

H = HAy HB, HC

G = GAy GBy GC

IHE VELOCITY IMPULSE IN THE F, G, H COORDINATE SYSTEM IS-

A V F = 0

OOS Or

AVG = AVI cosy

v. : -

IN THE EARTH CENTERED INERTIAL CORDINATE SYSTEM -

AX : (AVG) (GA) + (AV H) (HA)

AY = (nvQ) (GB) + (nVH) (EB)

AZ : (AV G) (GC) + (AV H) (HC),

TO CONVERT THE VELOCITY IMPULSE (AV] NECESSARY

TO PERFORM A MANEUVER INTO PITCHt YAW, GMTPI

AND TOTAL LENGTH OF THRUST PERIOD [AT) THE FOL-

LOWING COMPUTATIONS ARE MADE (MEMORANDUM FOR

RECORD, SERIAL I£2y FILE ?.3.3 tyDIGITAL MA-

NEUVER UPCATES FOR GT-3. ty) -

At = 2M .AV/(2F .cos _ + M • &V)
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WHERE

V.

1

R.

1

M = MASS OF CAPSULE AT GMTM ISL_GS)

F = T_RUST LEVEL (POUNDS)

= MASS EXPULSION RATE (SLUGS/SEC)

= CAN'T ANGLE (RADIANS)

= ViAV01 i : 1,2,3

= Rill% I
i = 1,2,3

U = V 0 x R 0

W

Iul

lwl

U i

W i

_V - R 0

(AV) 2

_V " U

_V -W

= R xU
O

2 + 2 1/2= (U + U 2 U 3)

1 2+ 2 1/2= (W + W 2 W 3)

-- ui/IuI i = 1,2,3,

= wi/Iwl i = 1,2,3

= AX "R 1 + Ay. R 2 +AZ .R 3

= (_)2 + (A_) 2 + (A_)2

= AX "U 1 +AY "U 2 +&Z "U 3

= AX "W 1 + AY "W 2 + AZ "W 3

Pitch (_)

Yaw (_)

tan- 1 AV ' R
(IAV.UI 2 + IAV .wI2) 1/2

-1 AV • U _
tan AV • W

127B



VEL liT REAL TIME PROCESSORS PART II- ORBIT/REENTRY

Yp =-R0/IR0 I

Zp

Xp

AXp

AYp

Z_Zp

_Vp

AV

At

WHERE

At

M

F

k

:-u/IuI

: Yp x Zp/IYP x zpI

= AV'Xp

= AV.Yp

= AV •Zp

• 1/2

1/2

= ((AX)2 + (A_r)2 + (_)2) 25936.272(ft/seo)

= 2M "AV/(2Fcos_ + M "AV)

= DURATION OF BURN

= MASS OF S/C

= THRUST LEVEL

= MASS EXPULSION RATE

GMTB = GMTM - _TI2

WHERE

GMTB = GREENWICH MERIDIAN TIME TO BURN

GMTM = GREENWICH MERIDIAN TIME TO MANEUVER.

USAGE

A)

B)

CALLING SEQUENCE -

TSX VOMANV,4

÷1 ERROR RETURN

÷2 NORMAL RETURN"

ERROR CCNDITIONS -

TIME ERROR

LOOPING ERROR - NON-CONVERGENCE

VELOCITY IMPULSE - (AV K) =
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C) STORAGE LCCATION -

775

1280



,°**°t,t,..**.°

i ENTER :
VOMANV

HI=a*HU*,H*m

VOL Ill REAL TIME PROCESSORS PART I/ - 0RBIT/REENTRY

V00AC

INPUT FROM MYMUVT: *** "-;**'*''*'***'';

x Y z x _ _ t, .co" x: I_[ITMSSNI•*(MIN

THRUSTER, W, GMTM, * • * T_R.K) •

(FIX. XEC.), H(OR *•* *DONT STORE "

WEDGE ANGL_

.• :•**°**'*'•****

• * + CHG PRES T •

*D0•..X* FROM EX MIN •

• * * TO FX SEC *
• e •

• SAVE XRS, • _**•''•'•*'*•*" • NO THRUST

• INPLT VEC. * le•• • : 03 : 00
• INIT. CELLS * _ : O1 +(180 ° -2, KMAN_

CONV. GMTM -* : 01
+IN. •• : MCAPS = WT S/C

• *l•*•*l**••,*: *,*•l••**•••+•• * AT GMTM

{_'l: ........ :

H.•*HH•H•**

VOAC VOOAC V01NI
**•HIH•UH..*

_**. _Xc+Zc:X0_Z0 * *'* ** * K00DTB _0 "

:82 •. • X: Xs_Zs:Xc--'Z c •....: _ C 0.: •C2.:: x'COMPLETE*OF TMBBNIINITIALIZATION

1•• INK =0 * •11 ,.

K00DTF i00 MIN* ,•..••••.,•.,•!

:INK = I KSNLI:

: =1 :

iRTS+,4+_+4I]_

• • PLCNG

• NO .*•-

• TYPE CF •X A0 *
MAhUV. W kT I 12831

_ES

VOINT

• (USING Xc+Zc). (MCZRWX = Ii). . : •e***

• • TRANSFER TO INTEGRATOR :Xc+ZC. : Xs--Z s ••....X C2-.

• * *H

• * VIC

• * 1••.••,,•°,•,**

• *YES * H = R o x V o

• TYPE CF • .............. X" H x R 0
_ANUV. W=I

• * * i COS(G) =IH x R0!

• _C Vclr = (1/ _ol) I/2

°

V_A

• *•..••l.••,•.o •e•H•ma*..•••: e••

ART =AH '2 1/2 V 0 = (Vcir) (COS (_)

_VOI= (_0+,2 +_+ Z0) V0 -(_i + +21+ ZOl%-- i/2 :..._: *°*AT:*•

AO: i(1_ I _ol % KMA_C :o

• °

* *
• *YES

• * ERROR IN TIME " * ............ X: EXIT •
• MYMUVT

H•,H•*•OOH**

VIAC • V2AC

-YES • CHANGE - 1•1•

• IS INK GT 0 , .............. X: FRoMPRESENTFx TIME•sEc*...X• A0e,

• • _+ TO FX NIN. : 1282.
• • KOOOTF= i00 •ee•

CIRCULARIZ E USING AP *NO :'*'*'****•••*:

.............. X: KMANO'I*0 :KIC )K_ ?

2A o+aaP-2_o I <25NM. • *
• ***•H.,*H•*+;

• * _ES

:X ...............................

VaA

• "** **_1 = TAN-I(Y0/X0 )

:AT:..X:% = ez

X
***,**.*°..*..•

• REINIT. •
* TMSSUI•ll •

: ........... ..:

DON'T STOR_,e
(S_£° R.K •
NO THRUST]

• • * * * •YES ;***,****, ....

: ................ i
. .- : ............. :

.ii.iiiiiiiiiii

+o: +3 :..._st:

:.............: .-.

:K00OTF = I000:..._ 00:

SEC

: ............. : -.-
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• • V_AC

• " ° *YES _''*''''**'**'_

• * RI=R[SEC •
IS KK=I • .............. x, CELIA

ll=RN-RI

• _

DEXIT CONVERTS

v INTO THE PLATFORM

COORDINATES SYSTEM,

COMPUTERS PITCH

(c_) s YAW (B) s

GMTB s AND T

DEXIT

• .. _....... , .....
;DO*..x: RAKETHEFOLLOWING

:.- : COMPUTATIONS:

ettHiwamiio*ew

• *YES

• IS KK LT [ • ........

• OEXlT
• eHH**HO.•*,*

• IS DELTA I 1 _NO * CALC. THE AX • •**
• ' " AY AZ NEFI)E_ •

• • ............. x• .... _...x _o,
• GT t0 -7 GLU . TO GET . •

• • DESHIED ORBIT • •••
• •*••••*.•••••••

IES

VTAC

• R2 RIS, AIIp

• I(N-It2

• _Lp LT • *NO

• I0 "7 GLU

• _ES •'°me

.......... x* 08•

•.e
VCTAC

.VSAC

Cs
:(RI - R2)/AVK :

: ............. :

• .............. x: SEE NOTE 1

Ih LOOP

*YES

NOTE 1 -

aRp

Av o = Cs

FF 1 _ AV0/AV K

_0 FI,, _o
_o E"' T0
Z 0 FF" Z 0

K 2

............. x: E_I, :
• RYRUV7

.......... x• 82 •
1281•

VOAC

x

• *••••t••H••••e
• *YES

• . : P_A o :
15 w=o * .............. x•

• • • _ ARp _ A0-RIS i ..........
• He••e•a*••H*a

lc

HA THE
DESIRED ORBIT

BEEN ACHIEVED

v_=v/Ivol,= ,,2,3

Ri - R_/IRoI i = 1,2,3

U = VoxR 0

W = R0xU

_ _ 1/2

1u l = (uT +u_ ÷u_) i/2
2 2 2

Iw I = (wl ÷ w2÷ %)

ui=u/Iul i_1,2,3
wz - w/Iwl ; = 1,2,3

AV "R 0 - AX .R I +AY I R2+AZ' R 3

(A_)2 = (._,,k)2+(AO)2+ (A_')2

AV. U = A_<" U I +a;(' U2+_Z" U 3

AV - W - A)( ' W I + A_' ' W 2 *AZ ' W 3

Pitch (a) = Tan -1 AV - R

(I_V. UI 2 + IAV. W12) 1/2

Yaw (B) Ton-1 AV • U

AV • W

Yp= %/IRol
zp = -u/lul

×p Yp.z_lYp,,Zol

A)_p : AV. Xp

A_'p = AV • Yp

AZp = AV. Ze

AVp = (A_Kp 2 + A'_'p + A;'p) 1/2

• AND GO EO _..._ A6 •

: : l_*

.". E.............._ AR.) .:............. :

......... _ _o_l:(Ao._, ':_
........ X**V K : V K - IV01 !

............................... o..

&V K •NC .•••,e•••.•**••

GT0 • ............ x• EXIT
• MYMUV7

YES

i

• ARp *YES

• LT/ 10 -7 GLU . * ...... * ................

• • _0 .e**

........ ,.X* ATe

VOTAC OtXIT

*" •CALCULATE _ •*'e

:OS:..x:THE_,At. ;...; oo.
• A _ NEEDED TO * *

ell• * ACIIIEVE _ ill

*DESIRED ORBIT

VOOAC

:_;"_T;...... : :_:=_i'"_t_"" :- ....... "r'": ..... ";;'_ .....
_I(N II2 +All/) • X: I/ 1t 0 0 mX C FF, X 0 . :Zc " 0 • • •

- . "................. _.... v /_l ................... _ _._ .................... EN_:O "'"hi? "
iNC-_C_,,-_i i......... L..': !.:. ....... t..! i_.:: ........ i .... "
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VfTL Ill RE_L IrI_'E PFRLCESSE,_S PAP, T I[ = C_,;_[I/gF;'WTKY

PLCNG

:aC'..X: FLIGNT PATh i
• • * AN_LE

INPUT

\VI':DGE

"\big I"I:,,,

:.***.****,***:
• *°, * F=EA, FB, EC-

• C0-..X- H=_,A, _H, _C"

"° ,.,°,,..H°*,*:

°*,,,,,*,,,,°**

_E,; -I Ro" V D

%= I%!

*°o,°°°°.°°°°o.

:,**.*.*,,****:

i VEI()CII_.

,,,,,,,,,o,.*,,

AV I 2 /'()S_'(A_)

x

: "_V I, ()

• Cos, °

SIGN O1" AV(; IS %I,W\YS

I'OSITIV[;. _I(;N _)I" AVII

:,,******,,*,.:

RECEFINE
CCCREI_ATE

SYSTEW WFERE,

_,.m,.*,.*,.,,,

ot°°.•,oo*,H,°

:1: ITo II El° x

:V 0 G II x H 0

.,.,,..o,**....

•,,***,,..**,..

• 1_ FARTF'
CEqTCRFL :

: INERTIAL

.***o*°**,,,•°,

:•'°'**'*°'**': .,,

: LET TEE • •CIRFCT!CN *..._ CC:

• CCSIkE CF • * •

:.............: -o

.•***,,,,•*,**•

_X (&V(?(GA) +(_VI?(IIA)

,,,,*°**..*.°°,

• ° °

:'• . • " " "YES :U_'E'_E_T_:I_T:T.ER VALUES FOR;

• A6 • aFT T_RLSTER " _ ......... x_TILRUSTLEVEL F)
• * . " " •MASS E:XPULSION RATE (I_

• _c

...°****.•.**..

_Y (AV_(GB) + {AVII)(HII )

USE FORE TIfRUSTER .AV ((AX') 2 - (A'_ '2) *

VALUES FOR: ............ X_ -_Z 2 1_2THRUST LEVEL (F) - LBS
MASS EXPULSION RATE: . ( ) ) . 25 936,272

(3/!) - SLUGS_SEC •_'''''**''''•_

CANT ANGLE (_) - RADIANS

UEXlT

.*•*****.*****.
b

A
Z (AVG) (GC) - * *

• ..o× uO •
• 12uZ*

(AVH)(HC) * .**.

AT 2M_V/(2FCOSI +_V) * "YES * _ a :

........... X EOR_ TFIRUS TER • .............. X*

GMTB GNITM -,.XT/2 " 3 3 " i_,_' :

:***,,o.,**oo.,

:°***•*°'**'°*: *********•****•

: a a * •
• ............... x* EXIT

• fl _ • MYMUV7 :



,*°**,,*.,**,*,
EKT_RIKTEGRATCR

...**.°,*.,,,.,

V(JL lit REAL TI_E PRUCESSOF{S PART II - [3RL_[T/RfI'NT_Y

VgINI NBTHN

• ° °°°''°°'°'*°°°I t .. *.oo*°°*..*...°

° • ° STORE PKESENT • • ° ° °

°B0*X VECTOR [_ TS • ........ oC0oX. Exit
• * • TABLE • * * INTEGRATION

.o °o ..o*°°*°.**°***

.°°°,°..*Jill•.

°

* "N(;

• IS _C/R_X=II ° .......................

° YES

" *

. .Y_S °.°*,,**°°.*,*.

° *'*...... i !Ap E/l[; MCRE • ....... °lit

ThAN |Oc _I,N ° CiJNIl*_b_ INT_

°[_R ICC0 SE(.S eemeee*e.m°°°*o

:

vzi_r

x

i oytS *.* °*•••i.°°°o°*°o
* IS Ibis * • ° :° _IN. SlEP °x us, EXIT

SIZE ° • ° • VOMANV

°°° *•,,,*,,°*°°*••

° •
h

VIA NrIR_AL
EXII t_r]M
INTEGRATOR

. ° °

*'** " "2 L'F
*D)•X

*

°
°

•YES

.

.

. *

Nu

• VIINT

• , °•°.
IN C[_CbL_MI- * ........ °gbI*.x: 02 TAN l(Yi'Xi)

IAIIEN •

°* _,°°,.°.°•,.°°°

,°

_C

PRESFN_ x ANU

V_INI

l 1031, _ lyE5 1•o• ._ _: •
Tc)_ I . . . .

" " • _u

_x .................

..•,°.,,•.*.•e*

:..,,.,•..,•,..

:H*O.,•H**•,* I

*RHS (vj + YS * ZB)_

:&HA ILAS- RBB

Hq,...,,a,*•H

• * • ._.s .:............._
• 02LT o * * .............. x• 02 02,2 _

• * :°°°**°°°H•°°i

• ° .

"............................... x."

• • * * *YES

• IS KSNLIT=O * .......................
02 o I

• °

* * _C

.°°°°°.*.....°°

: KSNIIZ-O :

VgIN2

• STU_E PKESer_T •
. VECTOR IN TS *

• TABLE •

N, IRN

*°•••*°•***°**: **°

*NU •°• 2 2 1'¸2

• •..**H*****,,-

'_ES

x ..........

v_INI V,_INI
**.°•.,•°•.°°.*

° .l°

CELI_ R6- ° • !
DELTA _A. *...X B0-i

° BAS.RPS °

: ............. : .."

V_INT V_INT

* " * * _Y_S .t**

• "_IIA&III_ ° * iLIB * ........ oC8°Xo EXII
]NTFGHATLJR



VOL III REAL TIME PROCESSORS PART IT - ORBITIREENIRY

87. A3MSCP - SUBROUTINE TO COMPUTE LATITUDE AND

LONGITUDE

GIVEN AN INERTIAL POSITION VECTOR, R, OF THE SPACE-

CRAFT AT A PARTICULAR TIME, A3MSCP COMPUTES THE GEO-

DETIC LATITUDE |@) AND LONGITUDE (X) OF THE SPACECRAFT

POSITION. IF DESIRED, THE S/C ALTITUDE (H) WILL ALSO BE

COMPUTED. (SEE FLOWCHART)

INPUT

A) A 4-LOCATION TABLE CONTAINING TIME, X, Y, AND Z.

I. TIME IS EITHER FLOATING POINT SECONDS OR

FIXED POINT MINUTES AND SECONDS. (SEE USAGE)

2. X, Y, AND Z |COMPONENTS OF POSITIUN VECTOR)

ARE IN FLOATING POINT GEMINI LENGTH UNITS.

B) A T-LOCATION WORKING BUFFER IS ALSO SPECIFIED IN

THE CALLING SEQUENCE.

UTILIZATION OF SUCH A BUFFER PERMITS A3MSCP TO FUNCTION

AS A TRUE SUBROUTINE.

C) K. INB2 [i/b 2 )

K. B2GU (b2 )

K. ECC2 (e2 )

K.OMES

KLAMDO

WHEREb = SEMI-MINOR AXIS OF

GEMINI SPHEROID

WHEREe = ECCENTRICITY OF GEMINI

SPHERIOD ROTATION OF EARTH IN

RAD./SEC.

GREENWICH HOUR ANGLE |_0 )

OUTPUT

A 3-LOCATION TABLE CONTAINING X AND @ IN FLOATING

POINT RADIANS, AND IF REQUESTED H IN FLOATING POINT

1285



VOL Ill REAL TIME PROCESSORS PART IT - ORBIT/REENTRY

GEMINI LENGTH UNITS. X RANGES FROM 0 TO 2_ RADIANS AND

@ FROM-_TO +_/2 RADIANS.

METHOD

THE FOLLOWING EQUATIONS ARE USED BY THE A3MSCP

PROGRAM -

e2 N sin #o+ Z

tan _ = _/X2 + y2 (I)

H =(sec(p) _X2+y 2) N (2)

), = tan-IY
x- _ - Xg (3)

a 1

N = / 1 e 2 sin2 J 2 2 (4)- _0 l-e sin_

tan _" = b 2 b 2 (5)
-_ tan ¢p = tan
a

tan (p"'= a___22
tan C)'= _ tan ¢' (6)b2

THE DERIVATION OF EQUATIONS (1) AND (2) IS SHOWN IN

PARAGRAPH 2.21.5. EQUATION (3) IS A STANDARD EXPRESSION

OF IN THE GEMINI SYSTEM. EQUATIONS (6), (5), AND (6)

ARE STANDARD GOEDESY TEXTBOOK FORMULAS.

IF A3MSCP IS ENTERED WITH TIME IN FIXED-POINT, IT IS

IMMEDIATELY CONVERTED TO FLOATING-PUINT SECONDS FOR

LATER USE IN SOLVING EQUATION (3}.

AS A FIRST ESTIMATE OF _b, THE ANGLE 4) '" (GEODETIC

LATITUDE OF THE INTERSECTION OF IHE GIVEN RADIUS VECTOR

WiTH THE SURFACE OF THE EARTH) IS USED AND IT IS DESIG-

NATED_b i . THUS, BY EQUATION (6)tan(b i =(i/b2) tan @'=(i/b 2) Z/_/X 2 +Y2.

THE SEC¢ i , SIN@i , AND I/N i VALUES ARE COMPUTED
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VOL III REAL TIME PROCESSORS PART I[ - ORBIT/REENTRY

USING TAN _ . TAN _÷1

NEW SIN _i ANO I/N i VALUES IN EQUATION (I).

THE COMPUTED VALUE OF TAN _+1 IS USED AS THE NEW

ESTIMATE OF TAN _ ANO k SECON0 ITERATION OF THE COM-

PUTATION IS MADE. THE NEW VALUE OF TAN _i+ 1 IS THE TRUE

VALUE OF TAN _ CORRECT TO EIGHT DECIMAL PLACES.

USING THIS VALUE AND THE ARCTANGENT SUBROUTINE, _ IS

DETERMINED. THE QUANTITY _ IS BETWEEN -_/2 AND + _/2 WHEN

STORED.

THE VALUE OF THE LONGITUDE, k • IS FOUND USING

EQUATION (3). k IS BETWEEN 0 AND 2 _ WHEN STORED.

THE PROGRAM NOW TESTS WHETHER TO COMPUTE H BY

DETERMINING IF THE SIGN OF 1, 4 IS NEGATIVE. IF THE SIGN

IS POSITIVE THE PROGRAM RETURN_ TO 4•4. IF NEGATIVE THE

PROGRAM COMPUTES _i USING THE TRUE VALUE OF TAN_ . USING

THE LATEST VALUE OF_ • THE PREVIOUSLY COMPUTED VALUE FOR

1/N AND EQUATION (2), H IS DETERMINED AND STORED AND THE

PROGRAM RETURNS TO 4e4.

TRUE GEODETIC LATITUDE AND ALTITUDE OF SPACECRAFT

FORMULATION (x,Y,z)

MAY THEN BE COMPUTED UTILIZING THE
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VOL TIT REAL TIME PROCESSORS PART II - ORBITIREENTRY

BY LAW OF SINES-

(i) R -
r sin ((p-C') _ N cos (p

sin (¢-e") cos _"

(2) N+ H _ cos__
r cos

a

(3) where N= /1- e 2 Mn 2

b 2

(4) and tan (_" - 2
a

2
a

(5) and tan _"' - b2

tan ¢¢

tan _'

from any book on
Geodesy

THE FOLLOWING FIGURE DEPICTS THE TRIGONOMETRIC

RELATICNSHIPS FOR THE ANGLE @" -

o2 cos ¢

b2 sin¢

sin (_ - _") = sin _ cos 0" - cos _ sin _"

2
= sin _ a cosq_

a cos 2 ¢ + b 4 sin24,

cos _6 b 2 sin _b

/a cos 2 ¢. b 4 sin 2¢

(a2-b 2) sin _bcos¢

v_a4cos 2 _ + b4sin2 _

r sin (_ -¢)')= r sin _0 cos _0' - r cos _0 sin _o' : sin_ - Zcos_.

1288



VOL Ill REAL lIME PROCESSORS PAR/ I/ - ORBIT/REENTRY

HENCE, EQUATION {I) GIVES -

m

V/x2+ y2 sine - Z cos _b

(a 2 - b 2) sin ¢cosib

N

2
a

jx2 (2+y tan_ - Z =
a2:2b2 / N sin(p =

2
e N sin_

tan(p =

2
e Nsin(p+ Z

Jx + y2

FROM THE DRAWING -

_/x2 + y2
cos q_= N+ H

yx + y2
n ____ -

cos
-N

!_= (sect) (Yx 2 + y2) _ N
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USAGE

A} CALLING SEQUENCE -

ALPHA TSX

ALPHA + [ PZE

ALPHA + 2 PZE

A3MSCP,4

(INPUT),,(OUTPUT)

(BUFFER)I,0

ALPHA ÷ 3 ERROR RETURN

ALPHA + 4 NORMAL RETURN

INPUT = 4-LOCATION TABLE CONTAINING TIME, XtY

AND Z.

OUTPUT = 3-LOCATION TABLE CONTAINING_ , @AND H.

BUFFER = ?-LOCATION PROGRAM WORKING TABLE.

IF THE 2NO WORD OF THE CALLING SEQUENCE IS -

L) PZE-_, @ AND H ARE COMPUTED

2) MZE - HEIGHT COMPUTATION IS DELETED

IF THE 3RD WORD OF THE CALLING SEQUENCE IS -

I) PZE- INPUT TIME IS A(MINS.)t,D{SECS.)

2) MZE - INPUT TIME IS FLOATING POINT SECONDS

NOTE - XR5 IS NOT SAVED BY THIS SUBROUTINE

B) CONSTANTS

KO0060 KKK2PI

KO0000 K. INB2

KO01.O K.B2GU

KCH233 K.ECC2

KLAMDO K.OMES

C) SUBROUTINES -

SQRT

ATNA

ATNAB

D) STORAGE REQUIRED - 105 LOCATIONS

E) TIMING - MAXIMUM = 1.841 MS
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**,**•**•****°•

entFr :
_3_Scp

ltllIttlNIIItlt

V()L IlI REaL TIME PRDCESSU,_S P_RT ]1 - QRF_iT/_E_T_Y

• *YES :***..°** i *

• B0*x IS t}_rt A'_ ix C._, *

• °

Nr)

:ll*O•*****'l*:

• PLACE BUfFEr"
• LCC_TION INTO•

: Xr5
°*******°•***,:

:.÷_:.;;..-:

* -YeS

IS INPUT TI_{- • .......
IN FLT SECS •

:**********oo*:

i CONVERT TIME*
TO FLUaTTNG *

SEES •

.*.*,•,•o.1,*•,

****,l*.*******

: S&VE xr'S •(1,2,3,al

::_\_"7 "'_',;_;
: ran _ _
°°_,_..*.°...°

• °Nn

* IS X_3 GT 1

YES

°*'°***'**'**°°*t

• ............ x TSx af_^ **

_36SH

: ............. : **°

° t**

***,.•*l****.**

aL;E_

• °YE_ °**°
° * ° *

° IS THE_L ^_ *x =b l
Er,_'}k * 1292-

• I.*°

COMPUTE _ i

**ll°*,lll**°*°
* °

** tSx S_Rt **

°

•.°***,*•..°,*,

"V X 2 - y2 A

:*,****°*°°*.*:

o l'_TO I,Z °

_o•oooooto_ooo

* *YES ***°
• * * °

. IS rHtrE an *x c6 *
ERROR t292*

l •

°

°°*.°°°°°•°°°°°

: t,,:

: h 2 _ :

***°°°°*,**.,°:

°*.**•**°**°°*:

p Wt* h_

.•.°*****,,•,,

_°...,_.°.°**°°

* lSx arab

°*.•.°****°°.•,•***

TAN "I (Y/X)

:O*l*l**,*°°l*_

• 2 [ntt) ×r3 .

• * ^33ER

• -YES *,°*

• . **°*

l

,.•*,,*********

**•. °* °. °**'°

.aq.x tSx S_r[ .x ,_0*

** * * *°°
..,***.,******°

"_f I)2 TAN ,5 i " 1 ()

:,_ ........... : ....
: T.SN-I(y/X)-P • ° •

*.*,°.o,.,**,•.



VOL Ill REAL TIME PKOLESSORS PART II - QRB[T/_EENTRY

• °

• * _ 2_ + 2_ INTO ***

•.o • x Ot/: 0 ...............x:_ "..A s0*
• * t *

• H * • • He

• * _**U**H*eHH*

'_es

_ INTO _, 2

°Hm,I.i*mlI***

• °

• *Nn

• SHOULI) HEIGHT e ........

• BE COMP, *

_/TAN2_ i * I : SECO

•******,*********

• TSX S_RT

** *°

• * *YES

• 15 IH[Rt AN * .......................
_RRDR

"_b _ TAN O i * 1

*******.,°••••*•,

** TSX S_RT

• .A_GER

*YES .**i

IS IHEK_ AN ° ........ *C6 ..X_ RESTORF XR$

_RR(IR • * 1,2,_,_ *

H INII} 2,2 !

_****.*Ht*JiH

*ei**e*ot_i**Qi

• IRA 3t4

:X ................

•,,•*t••,I***,•

restore xrs _ ............... x_ exit

• ItPt3,_ • , IRA _,_
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VOL ILI REAL TIME PROCESSORS PART II - ORBIT/REENTRY

88. N8OTST - NOCPNI END TEST

N8OTST TERMINATES INTEGRATION AS A FUNCTION OF TIMEr

PHASE ANGLE AND LONGITUDE. IT STORES THE LAST VECTOR IN

THE DESIGNATED OUTPUT TABLE WHEN KDCNTS IS SET. (SEE

FLOWCHART.)

INPUT

A) MCZRWX

B) KOOOET

C) KOOOST

D) KOOOTI

E) KOOOTL

F) KOODTB

G) KOODTF

HI KCAVEC

I) KDONTS

J) KFLOFX

K) KGMTIR

L) KGMTRB

M} KRCRDP

MCNITOR CONTROL WORD WHOSE DOCUMENT

INDICATES TYPE OF INTEGRATION BEING PER-

FCRMED.

ENDING TIME OF OUTPUT TABLE.

STARTING TIME OF OUTPUT TABLE.

TIMEtt IN FIXED OR FLOATING POINT
I

MINUTES OR SECONDS.

CCNTAINS ADDRESS OF IHE START OF THE

OUTPUT TABLE.

LENGTH OF TIME IN INTEGRATE BACKWARD.

LENGTH OF TIME TO INTEGRATE FORWARD.

_Or REVOLUTION NUMBER IS BEING UPDATED.

=Or ANOTHER TYPE OF INTEGRATION IS

TAKING PLACE.

EQUAL ZEROr TABLE IS STORED. EQUAL NON-

ZEROr STORE LAST VECTOR.

EQUAL ZERO, FIXED POINT INTEGRATION.

EQUAL NON-ZERO, FLOATING POINT INTE-

GRATION. IF NEGATIVE, HAD FLOATING POINT

INPUT TO INTEGRATOR.

TIME TO INITIATE ROLL.

TIME OF BANK ANGLE REVERSAL.

= O, USING CORWELL'S MIXED PRECISION
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VOL I[I REAL TIME PROCESSORS PART II - ORBIT/REENTRY

N)

C)

P)

R) TNFUNK ÷ 48

S) TNFUNK + 74

T) TNFUNK • 24

U) TNFUNK ÷ 50

V) TNFUNK ÷ 76

W} TRPEAT

O, USING RUNGE-KLTTA SINGLE PRECISION.

KTTH.2 H/2 IN FLOATING POINT MINUTES OR

SECONDS.

TEMNO COMMON LOCATION

÷146 = O, INDICATES FORWARD INTEGRATION

O, INDICATES BACKWARD INTEGRATION.

TNETIM TIME OF THE LAST VECTOR STORED IN TABLE.

TNFUNK +22 X

r VECTORY

Z

XD

YD V VECTOR

ZD

= Ot TABLE STORED

O, STORE LAST VECTOR.

CUTPtT

ThE LAST PCINT IN THE TABLE IS STORED IN THE

FCLLOWING FCRMAT -

A)

B)

C)

D)

E)

F)

G)

H)

I}

J)

INCICATION OF MINUTES OR SECONDS. ZERO, FOR

MINUTES, NON-ZERO, FOR SECENDS.

INTEGRATICN OUTPUT INTERVAL

STARTING TIME

ENBING TIME

X

Y

Z

XD

YD

ZD

r VECTOR IN GEMINI UNITS

v VECTOR IN GEMINI UNITS.
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METHCO

NCN-APPLICABLE.

USAGE

A} CALLING SECUENCE -

TSX N8OTST

e+ I CONTINUE INTEGRATION

÷ 2 END INTEGRATION

B) STCRAGE RECpIRED -

240 LOCATICNS

C) CONSTANTS -

KMCO00 DEC -0

KOCOOI DEC I

KOCO02 DEC 2

KOCO04 DEC 4

KOOO07 DEC 7

KOCO08 DEC 8

KO0010 DEC IO

KO0012 DEC 12

KOO050 DEC 50

K00053 DEC 53

D) PRCGRAMS -

N5CAPS

N9IRRB
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NAGTST

te.*.**,llemg*t

START

ee•tee.eeeeelee

*°•me.,*Hte*m_

: SAVE XRS

tittllllllllllt

VOL Ill REAL TIME PROCESSORS PART II - OR81T/REENTRY

• • • CORP CAPE VEC •
oCO*X GMT - FtLOW) •

• • • ORBIT CAP/RAN •
t• • REFL VEC •

• • IS THIS a IRA • e_ O3:

It6 EXIT • *
• ••.

IES

• • NBT22

• YES :•*•.•• t • •

• Oo*x IS THIS TEST ex AO •

• • • FOR MANUVERS • I29T •

• • • H*•

m . _O

k

: RESIORE XRS :

1,2,_

:•tel•erie•oH.

• • • • t NBTLI

• • " .ES • T_s,.isA R-'_°_- •:.............:
• IS CINCZRW) - • ............ X [NTEG _RORDP • ........ , ..... Xe RESTORE xR4 •

• [,5,8 LO • • NOT • 0 •
e

NBP_S-|

• YES e.t•

• • • •

• IS 0I_CZrWI •X= R0 •

It 12_8•

° * •••m

• ° hC

k

°YES ••••

• i IS DI_CZrWX) " ._ AS*•

GT 12 • 1297o
• .,eL

• NC

ix...............................:

N_TRN-_

• AS•..X• RESTCRE _RS

• • t L,2,4 •

" • * :,..,e•••.,oe.:

_es

. • • aYES .°.

• KCAVIC N_T • • * •

• O IS CELL SET •X CO °

FOR CAPE •
•VECTOR LOGIC •eel •

m•.*•*.ee.ee°e,

; EXIT :
• Ira 1,4 *

• •.e * •eem.••ee•

i ER,t !
IRA 2,_

eee• • * " • • • ,NU -,,

• O3•X IS THIS A _,_ ° *_ DO:
• * EXIT • * °

me •,e

_Es

ee*•e••••,.°••m

: exlt :
• IRA NOCP3 -

nRtR2 • ° •
• o

• e_G • eNO
• IS INTEGR • •

BACK• PT I ,,_ t E E, • ............ X
TEMMC+|-A_ NCT • • ............................................. x IS THISw NoTFLT= .°

o

• • ° KELOF_

• _ES

• • •

• *YES e••*ete,Qe..t,e
TEST FCR ,

E.C.ITT6 GT ............. X_ EXIT
• * * IRA 1,_ •

• • ••*•I,H•o•Hoo

°

• •_ ••oo•°,•t•emm•°
IS INT_CR

FCRW l FtL_ _EXT • ............ X•

• .Kooct_ _,Ct ; • , .tr_ ex[t2:_ ....... ."

IIII

• YES x" aC'.

........ 12_1,
,,o•

NHT22

• • ";ES

• FL eYES• _I'E: N/2 _I'F " • •

• TEIS'rFOR E_t) UE ° ............ X°
• F(_WARO I_TE_ °

• _o :"'.
........... b_."

•.°.

• • • NBT22

° --"_l._(_']''I'i* •NO •,*o
• TEST FOR END • ° °

OF EIIRWARD •X AO •
INTEG • 12_7•

_Es

••*e•*oe•*eo°.•

EXIT

•••°Hoe•e*°,o°
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NBT22 • i • •

• l• • *IS THIS *NO

_AOm• • CLCSED L P •GOIOANff ........................
OI_CZRWX) =

54,55

• * _ES

o

°

• N8T33

• IS RESTART s:N_

SET TRPEAT • ............ X
• N_T = 0 •

_ES

• RE~|NIT INTEG*
• AND CN-EOARO*

• EGUAT° CELLS•

•**•t,HomtH•*

: EXIT :

• TRA NOCI3 •

• N8T21 * " • N8END

,SATABLE.... !!0! ..........0,...... ESTO....S:BEING STORED • ........ •CI•X
• KDCNTS = 0 .... 0_

_o* ; ..............

***'"*** ..... * • * *NO
• WAS IMPACT •

i SAVE LAST PT•IN OUTPUT • • REACHED

TABLE • IMPACT NOT = •

_ES

i

i FIX 1ST FOUR_
LOCAT OF *

OUTPUT TABLE*
AND TNETIM *

• N8T21 * NBEND

• • _ •NO •** • • • •NO *•* _ol•.•..e•**em_
• IS THIS INTEG • WAS TABLE •• BACK ._cI: STOREO. "_of: . :

• •.. • KOONTS = O. • •**.*
TEMNO+I_b NOT • SET AC -0

;ES _ES

N8T21 N8END

: KOCOTL "2 :..._ CI• : TNETIM INTO :.*._ OI• EXIT :

• INT0 KCOOTL÷3* e • KO00TL*3 * • . • MFCPNI •

• * ! • N8TRN-I

1....* .N_ 1....
• AS * IS DIRZRWX) = •x AS •

• • • 50-53 • 1296.
• •. . . •.••

• .

• • _ES

x

• -NO

• IS KGNTIR - * * ........

• • _ES

NBTRN-I

• •YES .•••

IS KGMIRE = - ! e_- AS••
I

• 1296*

_x .................

x NBTRN-I

SET SW TC •• _•••l

• ]NIT RCLL *x AS •
REVERSE BANK * 1296*

NgIRRB * *•*•

! i
TRA 2,4
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N8PHS-[ • •

:*', . INTEGA_EACY_S............. X: ER,T
*AO • MORE T_Ag lO0
• * * _IN OR ICO0 • * VO_ANV

..e * SEC * ***•***•***•*••

ic

VIA NORMALEXIT FROM

[NTEG

* * •YES

e _IhUTE STEP • • .......................

SIZE *

_o

• • VIINT-IIIIIIIe_I.••.• I

• " * sYES x_02 TAN -I
CIRCULARI- • • ............. e

ZAIICN • • (Yi/_)

". , :.............:

_c

PRESEN_ X AND

.o -. :.............:
• *YES• •e

_2 LT 0 * • .............. X:• 02 _ 02 + 2_
g

: ............................... X:

• ••HI,••i•He* •

_RBS = (X S _ YS + ZS 11/2 • *Y_S

• • _2_01 * • ........

_ARA = RAS - RBS * • *
•H..t,He.H•I

• _o

E

• • -YES * eYES •
• • *

IS KSNLIT - 0 • ....................... 02 GT 0 l • ............ x

• • • e e *V2INT-I

• _o " • _o -"*
.......... x• Ob_

**•

V6INT-E • • • • V)INT-I

_••.•e•e•el,•._ •IS DELTA •• RA•YES *e •***•••*•••••••

:SET KS_LIT -: T:MES0ELTA ......... :C6:X: E,_T :
• RB LT 0 • INTEGRATOR

• • • _O

•
_g ...............................

VSINT-I

: DELTAR3- :
• DELTA RA RAS•

• " TBS •

:.............:

• • V3KNT-I

• NO •••

o3GT O l • •X C6_ *

"_ts

V21NT-I.•e.e...••.••••

.". :
*06e.*X* 03 _ 02 •

-- : ............. :

VgIN2-I
***•••.***••e**

Z". STOR_RRESENT•
• VECTOR IN TS •

TABLE

VqlNL-I NSTRN-!

*• STERE PRESENT * reel.
• VECTOR LN TS •*_ A5 •

• TABLE * |2q6•

• •,.,•t,i•..e•. • •'*•

N8TRN-I

, Y * _ • t296._4 2 2t12:..._ AS'.
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89. N9IRRB - INITIATE ROLL, REVERSE BANK TESTS

PROGRAM NgIRRB TESTS ON TIME TO SET SWITCHES TO

BEGIN REVERSING BANK OR INITIATING ROLL. IT COMPUTES

CHANGES IN THE INTEGRATION STEP SIZE NEEDED FOR THESE

PROCESSES. (SEE FLOWCHART)

INPUT

A)

B)

C)

D}

E)

F)

G)

H)

KGMTIR TIME TO INITIATE ROLL, IF SET MINUS,

B_PASS TESTS.

KGMTRB TIME TO REVERSE BANK, IF SET MINUS, BY-

PASS TESTS.

KOOOTI PRESENT TIME.

KOOOOH PRESENT INTEGRATION 3TEP SIZE.

KINTVN

KBANK

KORATE

TEMNO

STORE INTERVAL OF OUTPUT TABLE.

PRESENT BANK ANGLE

ROLL RATE

DEFINED IN NOCPNI

OUTPUT

A) RBNOW

B) KRATE

C) FBANK

D)

SET NON-ZERO WHEN IT IS TIME TO REVERSE

BANK ANGLE.

ROLL RATE FOR N3TRB.

FINAL BANK ANGLE REQUIRED.

TIN3RB SET NON-ZERO WHEN TIME TO INITIATE ROLL.

METHOD

KOOOTI AND KGMTIR ARE COMPARED. IF KGMTIR IS PAST

KOOOTI, ROLL IS INITIATED IMMEDIATELY AND CONTINUES TO

IMPACT. IF THIS IS NOT THE CASE, THE COMPARISONS CONTINUE

UNTIL THEY ARE WITHIN AN INTEGRATION STEP SIZE. THE NEXT
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INTEGRATION STEP SIZE IS COMPUTED AND TIN3RB IS SET NON-

ZERO TO BEGIN THE INITIATION OF ROLL.

FOR BANK ANGLE REVERSAL, IF KGMTRB IS PAST KOOOTI,

NO BANK ANGLE REVERSING OCCURS. WHEN THEY ARE WITHIN AN

INTEGRATION STEP, THE NEXT TWO INTEGRATION STEPS ARE

COMPUTED AND RBNOW IS SET NON-ZERO TO BEGIN BANK ANGLE

REVERSAL IN N3TRB.

USAGE

A}

B)

C}

CALLING SEQUENCE -

TSX N91RRB,4

+I NORMAL RETURN

STORAGE REQUIRED - Z49 LOCATIONS

CONSTANTS -

KO01.O DEC LoO

KO02.0 DEC 2.0

K00.25 DEC .25
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: EntEr :

• NglRRB
,**•**e•.**.la.

NgO6A

i e e IYES llll

• • IS TSTP = I * ,_( ABe,

• 1302*
I I!1t

• * _0

• eYES

• IS TSTP LT ]. • • ............ X

• •

• * * N902

• • *NO • • e .YES ••••

• IS THIS A * * *
• GMTIR MODE • ............ x A GMIRB MODE, *_ AO e

• KGMTIR = + * KDMTRS = + 1302.

;ES "•_o .'•'.
.......... x* C9•

• E • •IS 2NL) FRA3*YE_ **•***•'**•••••:
• " TIMF TO •Y.S •*'• * INTEG 3Ter' • •

STOKE. KOTTS • ........ •C2 • SIZE NEEUED * .............. x* SETUP [NTcG •
PARAM,

LT TI+H , _e•,, •THBSWT _(]T = *

• • *•• • • • • ••***•••.*••H*

• NO * * _0 •''**

.......... x* D6* .......... x* CZ *

13_2*
.e, .•..

N91S ,'_'_ 16

:•••-••*••**•*:

• RESet S. *

• KL_OHB INT} H*

• 0 INT0 THHSWT*

,*.*.**.*.*.*..

• COMP DIFF IN*
• KGMTIR PRES..

• TIME DELTA T=*

* KGMTIR-II -

:*•••-•.•*•,,•:

SIGNAL TU *_EGIN ROLL I*
INtD tlN)_ *

*YES

• IS DELHT_ T GT * ........................................................

• •YES

• IS DElta T = • • ...................................................... x.

_o

• * NgOIB

• • * eYES *•* "_**** ......... -

• Is DELIA, LT • -: c9- ! BEGINSIGNALRoLLTO:

• •elllule•le*••*

_o

l

: COMP FRAC :
INTEG STEPS

• DELTA INTO•

• H-_T INTO •

• KODH8 *

 E,n,t,N,OTIN3RB - I ........................ X.

INTO KDMTIR

:.............: :;_;'C_;_I_": .................
SAVE KINTVNtl * PAP.AM •

! KDOOOH -- SE ............... COMP. : : : EXIT !ENTRY SW 2 • ........ •TIME TO STORE• ........... *CgtX• TRA It_

• INT0 TSTP • *KOTTS = TI + H • •t !•••••,•***••••

• *•***• *••" •••• KOOttAIMTO H

•••*..*•***•••,

: EXIT "
• TRA 1,_

••••*••*.•.•**.

N_I5

• • • COMP WHEN TO•
• Db•..X•STU_E KOTIS =*

• • • KOTTS+S I *

:o••••,•*•*•*•:

i SET CELLS TO•
STJKE 1 I_r0*

RK13. KINTVN*

•****•••*••*•••

• IS THIS GMTI_ YES ,***

mADE.IstP _t . ..x c2:

NO

*•*•••.••••*•••

i EXIT :
IRA 1,4
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e • •

N902 • • N91qB N913 • * N9|3B • *

• ** :••••*••••'•••: • • * •YES H• *•• • • • •YES • • • •NO •o••
• •*• • IS • • e * • • ••*• •

• e • COMP DNP IN • • • •; C2•m
• AO **X• KGRTRB AND • *BOeX KGHTRB-KOOOT! •X C8 • •CO • KOOOT[ +S.l• e ........ *DOeX KOOOTI ÷ H LT

• • ePRES T• DELTA* • • • LT ! SEC • • • • • • -KOTTS • 0 * • • KOTTS |301•
• •• • TIKGKTRS-T[ • *e • • i•• **• * •* e •*••

• ••*•*•e•e••*•• •

_Es* • ••e• •

:._?....... : ... • No
1303•

i
• • e NgL3E NgL;

e eYES •*••t,•*••••e•l • •NO e°• •e•e••emo•eem,

COMPL TO • • • • TN|RRB NOT - • • • _ KINTvNTEMVN RKI3|NTO ••
INTEG • ............ X• EXIT • 0 BANK ANGLE •x DUe

INTERVAL. e • TRA 1,4 • REV* COMP ° • • SET FO_ T TO•
• OELTA T GT H ••••***••*••••• • ••• STORE •

•••••••*,•o••••

•. _o ;ES

• _ES

••**°••He•••,•

:- KBANK |NTO :

KORA E•
*FBANK* KRAT_ •° INTO

• N906. N916

• • • •NO _ KBANK INTO *RESTORE INTEG,
• • • • • •

IS BANK ANGLE • • .............. X*FBANK -KORATE*•..X A4• •CZ ..X• PARAM RESET •
NEG KBANK - - ° • INTO KRATE • • • • • • CELLS

• • *•* •*• •
• •*••m•••••*°•• •*•••*•••°*••mm

TEMOH |NTO H•
TENSI |Nit| •

: KINTVN 0 1[)

Noo6
••••*••••••°•••

: ............. : : :

_A4e**X" SAVE KINTUN •: _ TNI RKB ANORBNO_AND KOOOOH

m•••••••****°••

: EXIT :
• TRA 1,4 *

•o•••eeoe••o•••

NeL8 • °
° °

• °YES ••o°•*°H•••I••

* ° °

.es " O_L_A, ............. x: _xl, :• IS OELTAT LT • ............ X IS LT
I S_C • TRA If4 •

•••o•o•o••••••o

NgO6B NgO6B

: ............. : . * " .YES : ............. : ...
• **• • CQRP STORE T* * •

IS UE_TA T = * • .............. X• I INTO RBN_R****X* • Ab••wA6_DeXD K TTS=TS÷ l•

• * •SE! ENTRY _W,• • _ • •••

• _

X
••m*o••*••°°°••

*1 INTO KOOOOH*
• | INTO TSTP •

**•o*•••.•*••*o

NgO6A * ° *

_•°• ° RBNOW NOT ° *_ES *•,

• AB • O2, REV. BANK •X BT*
• * • STARTED • ° •
• °° • o,*

_o

Ng_O

o

*YES _***•

° BOO TL GT •x B4 •
K_MTRB * 1303°

• • **•,

:.!_...........
.•o

• • N920 NgLgA
. * ****o°,•••°**•,

**o• • • •YES• e•'•*• _ COMP T TO •

,87*X IS TSW_ NOT = *X E4 * ,STORE KOTTS =*
• • * • 1303- * KOTT_ _ ORIG°.° ° *•** * . . •

. • * °•• *mH*m•m*••°°*°

2._ ...... _: co:

N913

NgLgB

*••* • C0MP. NO,_ - *
*CS•..X*INTEGER INT_*
• * t STEPS SET •

e• * SWITCHES *

N920

:"*;GG_;':"': :............. : ....
: -_%_ : ................. : T_,_;° :..._ ._'.
• KOOHB • [ •* °THBS_T* T_TP_° |_U3•
• -KOUI_A • ° TS_T ° °°.m
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o *YES eolgDlloottl_o_

*BI * -K000TI GT l * ........ *ClaX* EXIT
* * * SEC * * * TRA Ie_

NO

SET SW T0 • •BEGIN REV *...X C[_

• B&NK | INTO * • *
• RBNOW • wt*

N920 • * * N913

:***. • " *N_ :.............: ....
• B4 • IS TNASWT = 0 • .............. X _ KOOHA INT0 H_..._ CO*•

• * • • m• INTO IHASWT• 1302-

• * _ES

i
N921 * N913

• *N_ :.............: ....
• • IS THBSWT = 0 • .............. X_ K00HB INTO H:...; CO*•

• e• INTO THBSWT• 1302*

• **•H**HH•***

• * _ES

N922 • N913

• *YES •*••

IS H = t SEC *_ CO*•

• • 1302-
• *H*

_o

i SET PROG SWT*l INTO TSTP •

N913

:l INTO HISEC):..._ C0"*
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90. A3TSUP - A3MSCP INPUT TIME SET UP FOR NOCPNI

A3TSUP SETS UP THE INPUT TIME FOR A3MSCP IN THE PRO-

PER UNITS. {SEE FLOWCHART.)

INPUT

THE TIME OF THE VECTOR TO BE USED FOR A)MSCP.

KOOOTU =0, TIME IS IN MINUTES

_0, TIME IS IN SECONDS

KFLOFX =0, TIME IS IN FIXED POINT UNITS

=0, TIME IS IN FLOATING POINT UNITS

K060.O DEC 60.0

KO0060 DEC 60

OUTPUT

TIME IN THE PORPER UNITS FOR A3MSCP.

METHOD

NOT APPLICABLE.

USAGE

A)

B)

CALLING SEQUENCE -

TSX A3TSUPt4

PZE INPUT TIMEt_OUTPUT TIME

NORMAL RETURN

STORAGE REQUIRED -

31 LOCATIONS
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.o°,oo°,,,°,,,,

• _EGIN

A3TSUP
.*°*.HH*.**.*

SAVE XRS 1,_

PICKUP T i

*U***O*HH***_

• • °NO * * * -YES * •

• IS TIME IN * * IS TIME IN Fx • * •

• MINS. _O00TU • ......... ...X PT SEC= oKFLOFX • • .............. X*, MIN.tCONV TsEcTO *•

,.,..•,,••.°,,,"

_ES • * • * *••

..._.o...... x: o_"

*,•

• * * •NO *,° :•••°°•*'°•****"

• IS TIME IN • * * * MI_ INTO• ELI. PT* oR DS•
ADDR SEC i_LOE_NOT.... • I_T_OEC

"_ES

• CONVERT TIME* • * * °

• TO FLT PT • ............................................ *DS*..K* RESTORE XRS •

• SEC. KOOOTI X• • • * I._ -
• 60.0 • •• • •

i EXIT
IRA 2o4
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gl. MYCOTO - CONFIRMATION OF MANEUVER CONTROL PROCESSOR

CONTROL LOGIC REQUIRED WHEN THE ORBITAL TRAJECTORY

UNDERGOES REDEFINITION DUE TO SOME MANEUVER - INDUCED

PERTURBATION IS PROVIDED BY MYCOTO. THROUGH USE OF THE

INPUT MANEUVER CONDITIONS AND A VECTOR-GENERATING SUBROU-

TINE, AN ORBIT REFLECTING THE PROGRAM INPUT WILL BE

ESTABLISHED. (SEE FLOWCHART.)

PROCESSOR OPTIONS AVAIABLE ARE -

A) THE PRESENT ORBIT-DEFINING VECTOR IS PERTURBED

TO REFLECT THE INPUT MANEUVER PARAMETERS.

B) A NOMINAL MANEUVER IS REDEFINED TO COINCIDE

WITH THE ACTUAL THRUST CONDITIONS.

C) A PREVIOUS EXECUTED MANEUVER IS ERASED AND THE

ORBIT IS RESTORED TO PREMANEUVER CONDITIONS.

INPUT

A)

B)

QUEUES ARE RECEIVED FR[]M MFMN15, MFMN26

I. QUEUE WORD = (+) MANEUVER PARAMETER ENTRY

2. QUEUE WORD = (-) VELOCITY COMPONENT ENTRY

TABLES -

TICOTH CONTAINS MANEUVER PARAMETERS

TMCODV CONTAINS VECTOR HISTORY

TMCODW CONTAINS S/C WEIGHT HISTORY

TOSCCH SIC CHARACTERISTICS TABLE

OUTPUT

A) TABLES

TMCUTO

TMCODW

TPCOTO

CONTAINS MANEUVER - REFLECTING VECTOR

S/C WEIGHT HIST{]RY IS UPDATED

CONTAINS ERROR PRINT INFORMATION
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B)

C}

COMMUNICATION CELL -

MCNIAC ERROR CODE FROM INTEGRATOR

QUEUES PROVIDED FOR THE FOLLOWING -

MYROUR1 TO BEGIN BASIC CYCLE

MYMESS TO PRINT OUTPUT VECTOR

MYMESS TO PRINT ERROR MESSAGE

METHOD

AFTER UNQUEUING, MYCOTO TESTS FOR THE TYPE OF ENTRY.

AN INCREMENT VELOCITY COMPONENT ENTRY IS INVALID, PROGRAM

LOGIC HAS NOT AS YET BEEN DEFINED FUR THIS TYPE OF MANEU-

VER CONFIRMATION. SUCH AN ENTRY WILL CAUSE THE PRINTING

OF AN ERROR MESSAGE.

HOWEVER UPON INDICATION OF VALID ENTRY, EXAMINATION

OF OPTION DESIRABILITY IS BEGUN.

OPTION (A) - USING THE PRESENT ORBIT-DEFINING

VECTOR AND INSERTED MANEUVER CON-

DITIONS AS INPUT TO GVMMRF [MANEU-

VER-REFLECTING VECTOR SUBROUTINE),

THE REQUIRED VECTOR IS GENERATED.

OPTION {B) - USING A VECTOR PRIOR TO THE TIME OF

THE NOMINAL S/C MANEUVER AND THE

ACTUAL S/C THRUST CONDITIONS,

GVMMRF WILL COMPUTE A NEW DEFINING

VECTOR.

OPTION (C) - A VECTOR PRIOR TO THE EXECUTED MA-

NEUVER IS OBTAINED FROM TMCODV AND

IS USED AS THE OUTPUT VECTOR.

GVMMRF LOGIC IS BYPASSED.

FOR OPTIONS {A) AND (B}_ A S/C POST-MANEUVER WEIGHT

IS COMPUTED AS A FUNCTION OF THRUST DURATION. MYOURt IS

QUEUED TO INITIATE THE BASIC CYCLE AND MYMESS IS QUEUED
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TO PRINT ON-LINE THE OUTPUT VECTDR.

TO MOPRIO.

EXIT IS THEN MADE

USAGE

A)

B)

ENTRY FROM AND EXIT TO MOPRIO

COMMUNICATION CELLS -

MCNIAC

MCVPCT

C) TABLES -

TMCODV

TMCODW

TICOTH

TMCOTO

TOSCCH

TPCOTO

D} CONSTANTS -

K77777

KCH233

KO0001

C) PARAMETERS -

A

MNCOTO

MNMESS

F) MACROS -

TRNON

TRNOF

QENBZ

QENBA

UNQUE

QUEUE
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G) SUBROUTINES -

GVMMRF

H) STORAGE REQUIRED - 85 LOCATIONS
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• ENTER

• MYCOT0

VHL Ill REAL TIME PROCESSORS PART IT - ORBITIgEENTRY

CTEXI

• *° ° • • .Q* !

• BO'X TSX gVMMRF oO0•o. XOERROR CODE 611
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VOL I!1 REAL TIME PROCESSORS

INDEX OF PROGRAMS

SYMBOL TITLE

A3GSCP - COMPUTATION OF LATITUDEt LONGITUDE

AND ALTITUDE

A3MSCP - SUBROUTINE TO COMPUTE LATITUDE AND

LONGITUDE

A3TSUP - A3MSCP INPUT TIME SET UP FOR NOCPN[

AQDATA - SUBROUTINE TO GENERATE ACQUISITION

DATA

BOSCER - EARTH RADIUS DETERMINATION

BUCFIT - SECOND DEGREE CURVE FITTING PROGRAM

FOR BUMAIN

BUDBCP - ORBIT PHASE BACK UP TO DIFFERENTIAL

CORRECTION PROGRAM

BUDCCP - REENTRY PHASE BACK UP TO DIFFERENTIAL

CORRECTION PROGRAM

BUEDIT - EDITING PROGRAM FOR BUMAIN

BUFPPR - FOOTPRINT DESCRIPTION

BUGSCP - SPACECRAFT POSITION AND HEIGHT DETER-

MINATION PROGRAM FOR BUMAIN

BUKEPE - PROGRAM TO COMPUTE SIX CLASSICAL

ELEMENTS

BULTOI - LOCAL TO INERTIAL CONVERSION PROGRAM

BUMAIN - COMPUTATION OF POSITION AND VELOCITY

VECTORS AND ASSOCIATED INFORMATION

CORKNI - RUNGE-KUTTA NUMERICAL INTEGRATION

CIDVGS - COMPUTE - _VG, AND -AV

C2TAFH - COMPUTATION OF TIME AS A FUNCTION OF

HEIGHT
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VOL Ill REAL TIME PROCESSORS

INDEX OF PROGRAMS

SYMBOL TITLE

C3GSCP - COMPUTATION OF LATITUDE AND LONGITUDE

FOR NUMERICAL INTEGRATION

C4COEF - COMPUTATION OF COEFFICIENTS OF DRAG

AND LIFT

C4DRFT - COMPUTATION OF ACCELERATION DUE TO

DRAGt LIFTt AND THRUST

C4PDEN - COMPUTATICN OF ATMOSPHERIC DENSITY

C6HPEP - COMPUTATION OF GEOCENTRIC HEIGHT AND

ACCELERATION DUE TO THE POTENTIAL OF

THE EARTH

C6PTLI - LAUNCH PROGRAM FOR SIX POINT

INTERPOLATION OF POSITION AND VELOCITY

VECTORS

C6PTLU - LAUNCH PROGRAM FOR FOUR POINT

LAGRANGIAN INTERPOLATION OF TIME

C6RETC - LAUNCH RETROFIRE PROGRAM

C6TDRF - RETROFIRE TIME CORRECTION

CABDAT - LAUNCH ABORT PHASE PROGRAM FOR UPDATING

A GIVEN

CALTOI - LOCAL TO INERTIAL COORDINATE

SUBROUTINE

CAMPSO - APPROXIMATE MIDPOINT SOLUTION

SUBROUTINE

CANORM - SUBROUTINE TO FORM NORMAL EQUATIONS

CASARC - SHORT ARC PROGRAM

CASCLN - SUBROUTINE TO SOLVE NORMAL EQUATIONS

CBIPRE - IMPACT PREDICTOR FOR AVERAGE VECTOR

COMPUTATION
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VOL Ill REAL TIME PROCESSORS

INDEX OF PROGRAMS

SYMBOL TITLE

CCMAIN - LAUNCH MAIN CALCULATIONS PROGRAM

CCSTRP - LAUNCH STRIP CHARTS PROCESSOR

CDELTV - LAUNCH PROGRAM TO INCREMENT THE

VELOCITY VECTOR BY FIRING RETROROCKETS

AS POSIGRADES

CEAPRV - COMPUTE THE VECTORS AT APOGEE OR

PERIGEE

CELEVP - ELEVATE PERIGEE

CFCFAV - LAUNCH COMPUTATIONS FOR HOLD PHASE

CGFTCI - COMPUTATION OF IMPACT, GIVEN THE TIME

TO FIRE RETROROCKETS

CHABRT - LAUNCH PROCESSOR FOR HIGH ABORT

CIMPRK - IMPACT PREDICTOR FOR NORMAL LAUNCH

CLABRT - LOW ABORT PROCESSOR

CLSTOI - LOCAL TO INERTIAL COORDINATE

CONVERSION

COCOOX - LAUNCH COORDINATE CONVERSICN OF B-GE

DATA

CPRVCM - LAUNCH PRESENT VECTORS COMPUTATIONS

CRADES - LAUNCH PROGRAM TO SELECT RECOVERY AREA

CSOGLS - GENERAL LEAST SQUARES SMOOTHING

CSXGLS - INITIALIZATION SUBROUTINE FOR CSOGLS

CS2GLS - RECURSIVE SUBROUTINE FOR CSOGLS

CS3GLS - SUBROUTINE TO GENERATE SOLUTIONS FOR

CSOGLS

CSCO02 - LAUNCH COORDINATE CONVERSICN OF

DATA
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VOL llI REAL TIME PROCESSORS

INDEX OF PROGRAMS

SYMBOL TITLE

CTSFT3 - COMPUTATION OF TIME STEP FOR TYPE 3

INTEGRATION

CUPDAT - LAUNCH PROGRAM FOR UPDATING A GIVEN

CVAFPA - COMPUTATION OF RELATIVE VELOCITY AND

RELATIVE FLIGHT PATH ANGLE AT A

SPECIFIED HEIGHT

DODIFC - DIFFERENTIAL CORRECTION CONTROL

PROGRAM

D2CSFE - CALCULATE STANDARD ERROR FIT

D2SLNE - SOLVE NORMAL EQUATIONS

D2SSMT - STATION SUM OF SQUARES OVER M

D2SUNE - SET UP NORMAL EQUATIONS

D2WEQT - WEIGHTING THE EQUATIONS OF CONDITION

D3CDRM - CHOOSE DESIRED RADAR MESSAGE

D3PTWT - WEIGHT TABLE LOOKUP

D4CFRV - CALCULATE FUNCTIONS OF_ AND

EOBOIT - BERMUDA HIGH-SPEED EDIT

EOLED[ - EDIT

GEMWGT - ORBIT WEIGHT SUBROUTINE

GENERAL CONTROL DURING LAUNCH/ORBIT

GINTAB - SUBROUTINE TO DETERMINE INTEGRATION

TABLE

GLINTS - VECTOR LINEAR INTERPOLATION SUBROUTINE

GVMMRF - MANEUVER REFLECTING VECTORS

LIMPRK - CONTROL PROGRAM FOR CIMP_K

MABORT - MONITOR CONTROL FOR ABORT PHASE

MFBDAS - MONITOR SUFFIX TO CASARC AND CSOGLS
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J

INDEX OF PROGRAMS

SYMBOL TITLE

MFBUDC - MONITOR SUFFIX TO BUDCCP AND BUOBCP

MFCCGB - MONITOR SUFFIX TO COCDOI

MFCCIP - MONITOR SUFFIX TO CSCO02

MFCCMN - SUFFIX TO CCMAIN

MFCPNI - MONITOR SUFFIX TO NUMERICAL

INTEGRATION DERIVATION

MFDIFC - MONITOR SUFFIX TO DODIFC

MFEOBD - MONITOR SUFFIX TO EOBDIT

MFEBAD - MONITOR BAD POINTS SUFEIX TO EOBDIT

MFLEDI - MONITOR SUFFIX TO EOLEDI

MFMPRK - MONITOR SUFFIX TO LIMPRK

MFORMC - MONITOR SUFFIX TO 050RMC

MFSTRP - MONITOR SUFFIX TO CCSTRP

MPBOAS - MONITOR PREFIX TO CSOGLS AND CASARC

MPBUDC - MONITOR PREFIX TO BUDCCP AND BUOBCP

MPCCGB - MONITOR PREFIX TO COCOOI

MPCCIP - MONITOR PREFIX TO CSCO02

MPCCMN - MONITOR PREFIX TO CCMAIN

MPCPNI - MONITOR PREFIX TO CONTROL PROGRAM

NUMERICAL INTEGRATION

MPDIFC - MONITOR PREFIX TO DODIFC

MPDIFK - MONITOR PREFIX TO DODIFC

MPDIFM - MONITOR PREFIX TO DOOIFC

MPEOBD - MONITOR PREFIX TO EOBDIT

MPLEDI - MONITOR PREFIX TO EOLEDI

MPLED2 - MONITOR PREFIX TO EOLEDI

MPMPRK - MONITOR PREFIX TO LIMPRK

MPORMC - MONITOR PREFIX TO 050RMC
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INDEX OF PROGRAMS

SYMBOL TITLE

MPSTRP - MONITOR PREFIX TO CCSTRP

MSDELT - MONITOR SUBROUTINE TO DELETE AN

ENTRY IN THE TMSTMS TABLE

MSINSR - SUBROUTINE TO INSERT RADAR OBSERVA-

TIONS INTO DIFFERENTIAL CORRECTION

MSLCUC - MONITOR SUBROUTINE TO MOVE A RADAR

MESSAGE BLOCK TO THE 32K CORE

BUFFER MODULE

MSTINT - SUBROUTINE TO REMOVE RADAR OBSERVA-

TIONS FROM DIFFERENTIAL CORRECTION

MSVTCA - GENERATION OF TMVTCA TABLE

MSWTMS - MONITOR SUBROUTINE TO COMPUTE A

TMDATA BLOCK ADDRESS

MYAPE3 - APOGEE-PERIGEE CONTROL PROCESSOR

MYCOTO - CONFIRMATION OF MANEUVER CONTROL

PROCESSOR

MYDIC9 - DIFFERENTIAL CORRECTION MONITOR

CONTROLLER

MYFPPR - MONITOR FOOTPRINT PREDICTOR

MYGMT6 - CALCULATE GMT

MYLIF8 - REVOLUTION CAPABILITY MONITOR CONTROL

PROCESSOR

MYMUV7 - MANEUVER PARAMETER COMPUTATION

CONTROL PROCESSOR

MYNAV5 - ORBIT NAVIGATION VECTOR FOR DCS

MYOURI - ORBIT BASIC CYCLE CONTROL PROCESSOR

MYQNEA - MONITOR QUEUE NEXT EMERGENCY AREA

PROCESSOR
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INDEX OF PROGRAMS

SYMBOL TITLE

NYQPRA - MONITOR QUEUE NEXT PRIMARY AREA

PROCESSOR

MYREN2 - REENTRY CONTROL PROGRAM

NYTABU - MANEUVER TABLE CONTROL PROCESSOR

MYTTF4 - TIME-TO-FIRE CONTROL PROCESSOR

NISUFT - SET UP FUNCTION TABLE

N2EXCR - EXTRAPOLATION AND CORRECTION EQUATION

N3SDCL - SECOND DERIVATIVE CALCULATION CONTROL

N3TRB - COMPUTATION OF INSTANTANEOUS BANK

ANGLE FOR TIME TO REVERSE BANK

N4COEF - COEFFICIENT OF DRAG CALCULATION

N4DRAG - CAPSULE DRAG FORMULATION

N4PDEN - COMPUTATION OF ATMOSPHERIC DENSITY

NSCAPS - NUMERICAL INTEGRATION CAPE VECTOR

STORING

NSOTBI - NUMERICAL INTEGRATION OUTPUT TABLE

INITIALIZATION

N5OTBL - NUMERICAL INTEGRATION OUTPUT TABLE

STORING

N6OPEP - EARTH'S EFFECT ON SPACECRAFT

CALCULATION

NTPCAL - ON-BOARD COMPUTER EQUATIONS

NTVARS - VARIABLE STEP INTEGRATION EQUATIONS

NBOTST - NOCPNI END TEST

NgIRRB - INITIATE ROLL, REVERSE BANK TESTS

NKCAPI - NUMERICAL INTEGRATION CAPE VECTOR

INITIALIZATION
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VOL [I[ REAL TIME PROCESSORS

INDEX OF PROGRAMS

SYMBOL TITLE

050RMC - ORBIT, REENTRY HIGH-SPEED OUTPUT

COMPUTATION PROCESSOR

RINOCP - NUMERICAL DIFFERENTIAL CORRECTION

R2AINT - NUMERICAL INTEGRATION INPUT TABLES TO

BE USED FOR GENERATION OF PERTURBED

TABLES FOR NUMERICAL PARTIAL

DERIVATIVES

R5RARF - TIME TO FIRE PROGRAM

R6ESTF - ESTIMATEO TIME-TO-FIRE PROCESSOR

RTEOAM - FIRST GUESS FOR TIME TO FIRE RETROS

RHBRVG - PROGRAM TO COMPUTE THE RELATIVE

VELOCITY VECTOR MAGNITUDE AND RELATIVE

FLIGHT PATH ANGLE

ROCKNR - THRUST PROGRAM

RUCIVI - PLATFORM TO INERTIAL COORDINATES

CONVERSION

RUPDAT - FOR UPDATING THE POST RETROFIRE

TRAJECTORY

RVECHT - COMPUTE HEIGHT VECTOR

VOMANV - PROPULSIONS PANEL COMPUTATIONS

PAGE

1146

1066

1073

I081

I164

I169

1246

860

719

712

II6O

1271

1318


